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Although carrier-free yttrium-90 has been 
separated from. strontium-90 by various 
methods”, the authors have found that car- 
rier-free yttrium-90 can be separated more 
simply and rapidly by paper chromatography 
than by other methods and the preliminary 
report of this investigation has been already 
published in this Bulletin”. The separation 
of yttrium-90 and strontium-90 by paper 
chromatography was also studied by H. 
Kamada and et al.”, but they did not aim 
at the preparation of carrier-free yttrium-90. 
In this paper the detailed results of the study 
on the preparation of carrier-free yttrium-90 
by this method and some types of behavior 
of yttrium on the paper are described. 


Experimental 


A mixture of strontium-90 and yttrium-90 was 
employed as a form of carrier-free nitrate in 0.3 
N nitric acid. 
Spedding was converted into nitrate and was used 
as a carrier. The other reagents were all of 
extra pure grade. 

A sample solution was placed at a point 3cm. 
from one edge of the strip of the filter paper 
(Toyo No. 3, 2x40cm.), allowed to dry in the air 
and then developed chromatographically by the 
ascending method. After the development, the 
paper strip was dried and cut off at an interval 
of lcm. Each piece of the paper strip was placed 
at the center of a sample pan and its radioactivity 
was measured with an end-window counter (Kobe 
Kogyo Corp.). All of the original positions of 
samples were in the middle of the pieces No. 0 
and No. 1 of the histograms shown in the figures 
of the present paper. 


Solvent and Developing Time 


In the early work of this investigation a mix- 
ture of ethyl alcohol, butyl alcohol, and 10% 
aqueous solution of ammonium thiocyanate was 
used as a solvent, but subsequently it has been 
disclosed that butyl alcohol is not a substantial 
agent for the present purpose. Therefore a mix- 
ture of ethyl alcohol and 10% solution of am- 
monium thiocyanate was mainly employed as a 
solvent. 

The dependence of the distribution of yttrium- 
90 and strontium-90 upon the ratio of ethyl alcohol 


1) cf. T. Kiba, S. Ohashi and T. Minabe, This Bul- 
letin, 28, 444 (1955). 

2) H. Kamada, et al., presented at the Meeting of 
The Japan Society for Analytical Chemistry in Tokyo, 
May 9, 1953. 


Yttrium oxide prepared by F. H.: 


and 10% solution of ammonium thiocyanate is 
illustrated in Fig. 1. A larger amount of thiocy- 
anate solution gives a higher Rf value of stron- 
tium-90, while it also causes the upward diffusion 
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Fig. 1. Chromatograms of *Y and ™Sr. 
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of yttrium-90 and, on the other hand, a smaller 
amount of thiocyanate solution can hold yttrium- 
90 near the original position, but the Rf value of 
strontium-90 is lower. Therefore the solvent of 
the optimum composition is a mixture of 5 parts 
of ethyl alcohol and 2 or 3 parts of 10% solution 
of ammonium thiocyanate. When the ratio of 
ethyl alcohol and aqueous solution is fixed at 5 
to 3, the concentration variation of thiocyanate 
in aqueous solution from 6 to 18% does not exert 
any remarkable influences on the distribution of 
yttrium-90 and strontium-90. 

Ammonium thiocyanate can be replaced by 
potassium thiocyanate. When the ammonium salt 
of chloride or nitrate is used instead of thiocy- 
anate, yttrium-90 can be similarly separated from 
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strontium-90, but the Rf values of strontium-90 
are relatively low. Ammonium sulfate does not 
provide a sharp separation of these nuclides. 
These results are shown in Fig. 2. 
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Fig. 2. Chromatograms of ®Y and Sr. 
A. EtOH—2N (15%) NHySCNagq. (2:1). 
B. U7 2nN NH,NO,aq. (2:1). 
C. ” 2N NH,CI aq. (2:1). 
D. y LN (NH,4)sSO, aq. (1:1). 


As it was supposed that strontium may have 
an affinity to combine with thiocyanate, some ex- 
aminations about it were carried out by spectro- 
photometric and polarographic methods. However 
it was found at least that strontium does not 
form a stable complex with thiocyanate. 

The minimum developing time required to sepa- 
rate completely yttrium-90 from strontium-90 is 
thirty minutes as shown in Fig. 3. 
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Fig. 3. Chromatograms of *Y and Sr. 
Solvent: EtOH—10% NH,SCN aq. (5:3). 
A. Developing time 15 min. 

B. Y 30 min. 
c. Y 45 min. 
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Leaching of the Separated Yttrium-90 


Although several methods were tried to leach 
the separated yttrium-90 from the paper strip, 
the following method was the best. 

As shown in Fig. 4 the paper strip holding the 
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Fig. 4. Apparatus for leaching of Y. 
separated yttrium-90 was placed in a small glass 
tube with a flat bottom and 2ml. of 3N_ hydro- 
chloric acid was added in it. After digesting the 
contents in the tube for a few minutes the solution 
was sucked up by means of a small filter stick. 
Repeating this procedure the results as shown in 
Table I were obtained. 


TABLE I[ 
LEACHING OF THE SEPARATED YTTRIUM-90 
3N HCl, ml. Yield, % 
2 96.3 
4 98.8 
6 98. 4 
8 99.2 
10 99.7 


By the use of 10 ml. of 3N hydrochloric acid the 
separated yttrium-90 can be almost completely 
released from the paper. 


Purity of the Separated Yttrium-90 


The half-life of the separated yttrium-90 was 
estimated as sixty-two to sixty-four hours as 
fairly coinciding with the value of sixty-four hours 
in the recent literature». 

However it was found that the separated yt- 
trium-90 had a very small amount of radioactive 
impurity, and by the redevelopment of the sepa- 
rated yttrium-90 it was also confirmed that the 
impurity was due to strontium-90. The amount 
of strontium-90 as the impurity was estimated by 
measuring the remaining radioactivity after all 
of the initially existing yttrium-90 had practically 
disappeared. As shown in Table II the impurity, 
strontium-90, in the separated yttrium-90 was less 
than 0.1% at the moment of the separation. Even 
in the case of the development of thirty minutes 
there was only 0.024% of strontium-90. 


Relation between the Distribution of 
Yttrium on the Paper and the Amount 
of Yttrium-Carrier 


As described above, the carrier-free yttrium-90 
is located near the original position on the paper, 


3) M.L. Salutsky and H.W. Kirby, Amal. Chem., 27, 
567 (1955). 
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TABLE II 
THE IMPURITY OF THE SEPARATED YTTRIUM-90 

__. { EtOH 5 ~ 5 5 5 5 

oo ) BuOH pas 5 ae = - a 

{10% NH,CNS aq. 2 2 3 4 3 3 
Developing Time, hr. 3 3 3 3 1 0.5 
Solvent Front, cm. 19.7 17.8 19.8 18.7 11.2 8.3 
Initial Activity, cpm. 3922 5211 5872 5599 4405 4582 
Activity after ¢ Days, cpm. 4.4 6.7 §.1 0.3 3.2 2.2 
t Days 62 62 104 104 103 103 
“Sr in Initial Activity, % 0. 056 0. 064 0.044 0. 603 0. 036 0. 024 


when it is developed with a solvent composed of 
5 parts of ethyl alcohol and 2 or 3 parts of 10% 
solution of ammonium thiocyanate. However, if 
yttrium-carrier is added to carrier-free yttrium- 
90, its distribution on the paper is varied as in- 
dicated in Fig. 5. Namely, when the amount of 
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Fig. 5. Chromatograms of Y-carrier. 

Solvent: EtOH—10% NH,SCN aq (5: 2). 

Solvent front: 17.5—18.5cm. 

A. Y ca. 5x10 pg. 

B. Y ca. 6x10- pg. 

cc. F ca. Tx * me. 

BD. Y ca. 7XIe* me. 

E. Y ca. 8x10-' yg. 


yttrium-carrier exceeds about 6 10-' zg., yttrium 
goes gradually upward from the original position 
as the amount of its carrier increases. The 
similar behavior of lanthanum was observed by 
Y. Kitano. On the other hand the Rf value of 
strontium-90 obtained by the development with 
the above mentioned solvent is kept constant, 
regardless of the presence of strontium-carrier. 
If the amount of yttrium-carrier is fixed on 
0.8 wg., its distribution on the paper is varied 


4) Y. Kitano, presented at the Symposium of The 
Japan Society for Analytical Chemistry in Osaka, May 
3, 1955. 


according to the developing time as illustrated in 
(A) to (E)-of Fig. 6. In the case of 2.5 yg. of 
yttrium-carrier its distribution at ninety minutes 
is given in (F) of Fig. 6. 
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Fig. 6. Chromatograms of Y-carrier. 
Solvent: EtOH—10% NH,SCN aq. (5: 2). 
A. Y ca. 0.8 wg, developing time 15 min. 


B. y Y 30 min. 
Cc. ” ” 60 min. 
D. y Y 90 min. 
E. y ” 120 min. 
Fr. Y¥. ca. 2.5. y 90 min. 


These results may be explained by the assump- 
tion that yttrium is adsorbed on the paper and 
the adsorbable amount of the yttrium has a de- 
finite limit. The fact that the carrier-free yttrium- 
90 can be almost completely held near the original 
position may be due to its extremely small amount. 
If an amount of yttrium-carrier on a definite area 
of the paper exceeds the adsorbable amount, its 
excess part is accumulated at the top of its dis- 
tribution pattern as shown in (B) or (F) of Fig. 6. 

If a mixture of 5 paris of ethyl alcohol, 3 parts 
of 10% solution of ammonium thiocyanate, and 
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2 parts of 1N hydrochloric acid is used as a sol- 
vent, yttrium gives a normal chromatographic 
spot with the Rf value of 0.79 regardless of the 
amount of yttrium-carrier, because the adsorption 
of yttrium on the paper is forbidden by the pre- 
sence of hydrochloric acid. 


Summary 


(1) Carrier-free yttrium-90 can be _ sepa- 
rated rapidly and simply from strontium-90 
by paper chromatography. The most suit- 
able solvent is a mixture of ethyl alcohol 
and 10% solution of ammonium thiocyanate 
(5:3 or 5:2). The Rf value of carrier-free 
yttrium-90 is 0 and that of strontium is 0.7 
to 0.8. 

(2) Carrier-free yttrium-90 having a radio- 
chemical purity more than 99.9% can be pre- 
pared within forty minutes. 

(3) If yttrium-carrier is present, when it is 
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developed with the above mentioned solvent, 
it is distributed upward from the original 
position on the paper. Its distribution pat- 
tern depends upon the amount of yttrium- 
carrier and the developing time and it may 
be caused by the adsorption of yttrium on 
the paper. 


The expense of this investigation has been 
defrayed from a grant given by the Ministry 
of Education, to which the authors’ thanks 
are due. The authors wish to thank Dr. T. 
Nakai and Mr. H. Natsume for supplying 
yttrium oxide prepared by Dr. F. H. Spedding 
of Iowa State College. 


Department of Chemistry, Faculty of 
Science, Kanazawa University 
Kanazawa 


Lateral Order Distribution of Native Cellulose 


By Yoshizo TsupA and Sadataka MUKOYAMA 


(Received April 8, 1956) 


Introduction 


Howsmon and Sisson” have discussed the 
characterization of lateral order distribution 
in cellulose fibers and suggested how to 
estimate it. Lately they showed” that the 
lateral order distribution in native cellulose 
fibers is characterized in the extent of lower- 
ing of the “level-off degree of polymerization” 
after swelling and hydrolysis. 

Yurugi® and Maeda*® found that the frac- 
tional dissolution in sodium hydroxide 
solutions of various concentrations after 
hydrolysis can be another method to estimate 
the lateral order distribution and_ they 
obtained many interesting results about 
regenerated cellulose fibers. 

The present authors” have also shown the 
lateral order distribution in some regenerated 
cellulose fibers by making use of the method 
proposed by Yurugi and Maeda. 

1) J.A. Shawnee and W.A. Sisson, in Otto-Spurlin, 
**Cellulose and Cellulose Derivatives’’, Interscience, 
New York (1954), pp. 251-91. 

2) O.A. Battista, S, Coppick, J.A. Howsmon, F.F. 
Morehead and W.A. Sisson, Ind. Eng. Chem, 48, 333 
(1956). 

3) T. Yurugi, J. Soc. Chem. Ind., Japan, 58, 27 (1955). 

4) H. Maeda, J. Soc. Textile Cellulose Ind. (Japan), 
12, 6 (1956). 


5) S. Mukoyama, J. Soc. Textile Cellulose Ind. 
(Japan), 11, 772 (1955). 


Every one of these methods is useful to 
obtain the lateral order distribution but the 
distributions obtained may be different from 
each other. So it is desirable to compare 
these methods and to seek the possible 
explanation in the phenomena observed. 

In this paper the lateral order distributions 
in native cellulose fibers was obtained by 
various methods and they were compared 
with each other and the meaning of distri- 
bution was discussed. 


Procedure 


Cellulose Sample.—For this study the follow- 
ing three native cellulose samples were used: 

(A) Cotton linters pulp, viscose grade, a- 
cellulose 98.3%, degree of polymerization 

610. 

(B) Sulfate wood pulp, viscose grade, a- 
cellulose 94.3%, degree of polymerization 
690. 

(C) Sulfite wood pulp, viscose grade, a- 

cellulose 93.8%, degree of polymerization 
730. 
The methods to obtain the lateral order distribu- 
tion were as follows: 

(1) The fractional dissolution in sodium 
hydroxide solutions of various concentra- 
tions after methanolysis, 

(2) The measurement of the drop of the 
‘*level-off degree of polymerization”’, 
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designated as D.P., after swelling and 
hydrolysis, 

(3) The moisture regain measurement after 
swelling. 

(1) The Fractional Dissolution Method.— 
Methanolysis.—The purpose of methanolysis was 
to depolymerize the cellulose without accompany- 
ing the recrystallization which would be indispens- 
able in an aqueous acid hydrolysis. 

1N hydrogen chloride in absolute methyl! alcohol 
was used as a methanolysis reagent, which was 
prepared by blowing dry hydrogen chloride gas 
in dry absolute alcohol. The methanolysis was 
performed in an Ehrenmeyer flask in a ther- 
mostat kept at 50+0.1°C for forty-eight hours, 
6g. of bone-dry powdered sample being placed 
in about 250 ml. of reagent. After methanolysis, 
the sample was filtered, and washed with methyl 
alcohol until it became chloride-free and then it 
was dried. 

Fractional Dissolution.—Every 0.2g. of the 
methanolyzed samples was treated with 20 ml. of 
sodium hydroxide solutions of increasing concen- 
trations and after being kept at 8+0.1°C for two 
hours the undissolved residues were filtered, 
washed with distilled water until the neutral 
reaction was obtained and dried at 105°C to 
constant weight. 

Lateral Order Distribution.—Solubility Q was 
defined as follows: 


Q=1-a-m, 


where @ represents a fraction of residue at 


fractional dissolution and m a yield at meth- 
anolysis. 

Summative mass-order relations were given by 
plotting Q versus increasing concentrations of 
sodium hydroxide. The lateral order distribution 
for the original sample was given by differentiat- 
ing the mass-order curve. 

(2) The D. P. Method. — Jérgensen*.7) has 
pointed out that the D.P.’s of native cellulose 
fibers depend on the extent of preswelling by 
sodium hydroxide solutions. This phenomenon 
was applied by Battista et al.2)? to estimate the 
lateral order distribution of native cellulose fibers. 

The powdered samples were swollen at 20°C 
for two hours in sodium hydroxide solutions of 
various concentrations and then excess solutions 
was drawn off, the residual sodium hydroxide 
was neutralized with N/2 acetic acid, washed 
acid-free with distilled water and then dried from 
methyl! alcohol. 

Acid hydrolysis was performed by boiling with 
2.5N hydrogen chloride solution for one and a 
half hours. Preliminary experiments show that 
the degree of polymerization of each sample 
attains to a constant level-off value by this pro- 
cedure. The D.P. was measured using Cupram- 
monium solvent (Km=2x10*). 

To obtain the lateral order distribution curve 
the extent of drop in D.P. after swelling and 
hydrolysis was measured. The relative decrease 
in D.P. (D.P.,r) is defined as follows: 


6) L. Jorgensen, Acta Chem. Scand., 4, 185 (1950). 
7) L. Jérgensen and E. Ribi, Nature, 166, 148 (1950). 
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(D.P.)o—(D.P.) 
P= (.F.) 
stad (D.P.)o—(D.P)m 


where (D.P.)o and (D.P.)m denote the D.P. of 
unswollen sample and of completely mercerized 
sample respectively. Differential lateral order 
distribution curves were obtained by plotting 
d(D.P.,)/d(NaOH) versus increasing concentra- 
tions of sodium hydroxide. 

(3) The Moisture Regain Method.—Ranby”, 
Jérgensen?) and Mitchell have shown the depen- 
dence of the moisture regain on the extent of 
preswelling of native cellulose samples by sodium 
hydroxide solutions. Sisson and Howsmon” sug- 
gested that this phenomenon is useful for lateral 
order measurement. 

Samples preswollen in sodium hydroxide solu- 
tions of various concentrations were dried over 
conc. sulfuric acid solution and then transferred 
to a desiccator with 65 per cent relative humidity 
at 23°C (over saturated solution of sodium nitrite). 
When equilibrium at 65 per cent. R.H. was 
reached (seven days), the samples were weighed 
and then dried at 105°C to constant weight. 

The water content (w) was calculated in per 
cent of the weight of the dry sample. From the 
water content w the relative increase in the water 
content w, was calculated according to the follow- 
ing relation: 

w= 
Wm— Wo 
where wo and wm denote the water contents of 
unswollen and completely mercerized samples 
respectively. Differential lateral order distribu- 
tion was obtained by plotting dw,/d(NaOH) against 
increasing concentrations of sodium hydroxide. 


Results 


(1) The Fractional Dissolution Method.— 
The samples dissolved a little in the metha- 
nolysis reagent. The yield m and the degree 
of polymerization (D.P.) of the methanolyzed 
samples are collected in Table I. 


TABLE I 


THE YIELD m AND THE D.P. OF THE 
METHANOLYZED SAMPLE ARE AS 


FOLLOWS: 

Samples m (%) D.F. 
Linters pulp 98.3 150 
Sulfate pulp 95.5 120 
Sulfite pulp 96.5 140 


As shown in Table I, the degree of polymeri- 
zation of each sample after methanolysis 
reaches to the leveloff value which has been 
expected from preliminary experiments. 

Summative mass-order curves are shown 
in Fig. 1.and the lateral order distributions 
are derived in Fig. 2 from these curves. 


8) B.G. R&nby, Acta Chem. Scand., 6, 101 (1952). 
9) R.L. Mitchell, Ind. Eng. Chem., 43, 1786 (1951). 
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Fig. 1. Solubilities of methanolyzed na- 
tive celluloses in sodium hydroxide of 
increasing concentrations. 

(A) Cotton linters pulp. 
(B) Sulfate wood pulp. 
(C) Sulfite wood pulp. 
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Fig. 2. Lateral order distribution curves 
obtained by the fractional dissolution 
method. 


From Fig. 2 it will be seen that the linters 
pulp is more highly ordered relative to sulfate 
and sulfite pulp, but between the latter two 
no difference in their distribution is observed. 
Each of the distribution curves has a sharp 
peak, suggesting that the samples are mainly 
composed of crystalline regions cf uniform 
perfection. 

(2) The D.P. Method.—In Fig. 3 the D.P.’s 
after swelling and hydrolysis are plotted 
against increasing concentrations of sodium 


hydroxide. From these data the lateral order 
distribution curves are derived in Fig. 4. 
D.P.. 1 
140 
120 
100 
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Fig. 3. Drop in D.P. with sodium hydrox- 
ide swelling. 








% 2 4 6 8 1012 14 16°18 
NaOH, % (20°C) 
Fig. 4. Lateral order distribution curves 
obtained by the D.P. method. 


As shown in Fig. 3, the D.P.’s of original 
pulps are in the range of 135 to 160, whereas 
mercerized pulps exhibit almost the same 
D.P.’s of about 65. 

It is interesting to note that the lateral 
order distribution of sulfate pulp in Fig. 4 
is different from that in Fig. 2. In Fig. 2 
the distribution curve of sulfate pulp has a 
sharp peak of the same order as the sulfite 
pulp, whereas in Fig. 4 sulfate pulp has a 
broad distribution extending between the 
peaks of curve of sulfite pulp and that of 
linters pulp. In general the distribution 
curves in Fig. 4 are more flat than those in 
Fig. 2. 
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Fig. 5. Increase in moisture regain with 
sodium hydroxide swelling. 
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Fig. 6. Lateral order distribution curves 
obtained by the moisture regain method. 
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(3) The Moisture Regain Method. — In 
Fig. 5 water contents at 65 per cent R.H. for 
the preswollen samples are plotted against 
increasing concentrations of sodium hydroxide. 

From these data the lateral order distribu- 
tion is derived by the procedure described 
previously. They are shown in Fig. 6. 

The distribution curves in Fig. 6 are 
different from those in Fig. 2 and Fig. 4; 
they have two peaks respectively, one of 
which is of lower order than the other which 
is of the same order as that in Fig. 4. 


Discussion 


As previously pointed out by Howsmon and 
Sisson”, there are various methods to obtain 
the lateral order distribution of cellulose. 
In the present experiment the following 
methods were adopted : the fractional dissolu- 
tion method, the D.P. method and the mois- 
ture regain method. 

Among them the fractional dissolution 
method gives the most distinct distribution 
curve. In this method the samples were 
depolymerised before the alkali treatment, 
so that the solubilities of samples into sodium 
hydroxide solutions of various concentrations 
were determined simply by the degree of per- 
fection of the separated crystalline regions. 

In the other two methods the swelling in 
sodium hydroxide solution was _ performed 
in the original state, so that the swelling 


was restricted by many other morphological 


factors. These restrictions give rise to 
broadening of the distribution range as 
shown in the curve of sulfate pulp obtained 
by the D.P. method. 

The difference between sulfate and sulfite 
pulps, which is the _ so-called “sulfate 
effect”, is observed in Fig. 4 and Fig. 6, 
but no difference in Fig. 2. This fact shows 
that the depolymerization before the alkali 
treatment reduces the higher resistance of 
sulfate pulp against the swelling in the 
aqueous sodium hydroxide solution. In other 
words, the lateral order of the crystalline 
regions in sulfate pulp is the same as that 
in sulfite pulp and some other morphological 
factors probably affect to increase the resis- 
tance of sulfate pulp against the swelling. 
Thus it is apparent that the “ sulfate effect ” 
is not due to the difference in the crystalline 
regions. 

The crystallinities of sulfite wood pulp and 
cotton were found to be 65 and 70 per cent 
respectively by Hermans'” from X-ray diffra- 


10) B.G. Raaby and H.F. Mark, Svensk Papperstidn- 
ing, 10, 374 (1955). 

11) P.H. Hermans and A. Weidinger, J. Polymer Sc:., 
4, 135 (1949). 





Lateral Order Distribution of Native Cellulose 751 


ction measurement. It is interesting to com- 
pare its result with the summative mass- 
order curves in Fig. 1. In Fig. 1, the con- 
centrations of sodium hydroxide at which the 
solubility curves rise sharply are 7 per cent 
for sulfite pulp and 10 per cent for linters 
pulp, and the solubilities at these concentra- 
tions are the same value of about 30 per 
cent. This fact suggests that the crystal- 
linity obtained by X-ray diffraction method 
shows the quantity of such uniform crystal- 
line regions irrespective of their lateral 
orders. The difference between cotton linters 
pulp and wood pulp is considered to be re- 
markable in the crystalline regions as shown 
in Fig. 2; that is, the crystalline regions of 
wood cellulose are less perfect than those of 
cotton cellulose. 

In Fig. 6 each of the distribution curves 
has two peaks, one of which appears at 
almost the same concentration of sodium 
hydroxide as that in Fig. 4, while the other 
occurs at lower concentration. To under- 
stand the meaning of these circumstances 
the mechanism of mercerization must be 
considered. Nukushina'’ has recently re- 
ported that the decrystallization precedes 
the phase transition when native cellulose 
fibers are treated with the alkali of increas- 
ing concentrations. The present authors 
have confirmed this fact with respect to 
linters pulp by making use of X-ray diffrac- 
tion. In their experiment, linters pulp started 
to decrystallize at 10 per cent sodium hydro- 
xide and to induce the” phase transition at 
13 per cent sodium hydroxide at 20°C. The 
lower ordered peak of the distribution curve 
of linters pulp may be attributed to this 
decrystallization, for the decrystallization in 
general gives rise to increase in moisture 
regain. The same line of argument will be 
possible with respect to wood pulps, too. 

If these views are accepted, the conclusion 
may be drawn that the fractional dissolution 
method will be the best method to obtain 
the lateral order distribution of native cellu- 
lose fibers. Thus the following concept will 
be accepted ; that is the native cellulose fibers 
consist of a large proportion of uniform 
crystalline regions separated by amorphous 
regions of fairly high order, and the crystal- 
line regions in wood cellulose are less perfect 
than those in cotton cellulose. 


Summary 


To obtain the lateral order distribution of 
native cellulose fibers the fractional dissolu- 
tion method, the D.P. method and the mois- 


12) Y. Nukushina, J. Soc. Textile Cellulose Ind. 
(Japan), 12, 158 (1956). 
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ture regain method were adopted. Among 
these three methods the fractional dissolution 
method gives the most correct distribution. 
The other methods give somewhat different 
distribution curves, the meanings of which 
were discussed. The structural difference 
between wood pulp and linters pulp is due 
to the difference in the degrees of perfection 
of crystalline regions, whereas no difference 
between sulfate pulp and sulfite pulp is 
observed in their crystalline regions. 
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One might conclude that the fractional 
dissolution method is the best method to 
obtain the lateral order distribution in both 
native and regenerated cellulose fibers. 


The authors are grateful to Dr. K. Hoshino 
for permitting this publication. 


Research Department of 
Tovo Rayon Co., Ltd. 
Otsu, Shiga 


I. The Phase in the interior 


of Micelles of Surfactants 


By Hiroji Sasaki, Haruhiko OkuUYAMA and Shuji SAITO 


(Received March 24, 1956) 


Introduction 


It is well known that organic compounds 
with conjugated bonds show light absorption 
in the visible and ultraviolet regions. These 
bands characteristic for the conjugated system 
are called K” or z” bands, because 7 electrons 
are responsible for them. The intensity of 
z bands has the order of ¢=10000—20000 and 
their maximum shifts towards red when sol- 
vents are changed from nonpolar to polar 
or the conjugated system becomes larger”. 

It is known too that so-called R bands'? 
appear when hetero atoms which have n 
electrons (nonbonding electrons, i.e., lone pair) 
are conjugated to the planar conjugated orga- 
nic system”. Afterwards R bands have been 
usually called n bands. The intensity of n 
bands has the order of ¢=10—1000 and the 
position of them is always at the region of 
the longer wave length than that of z bands 
when the two kinds of bands appear in one 
system. N bands shift towards blue when 
solvents are changed from nonpolar to polar 
liquids which act as proton donor, but shift 
towards red if solvents act as proton accetor™. 


1) A. Burawoy, Ber., 63, 3155 (1930). 

2) H.L. McMurry, J, Chem. Phys., 9, 241 (1941). 
H.L. McMurry and R.S. Mulliken, Proc. Nat Acad. Sci. 
US. 26, 312 (1940). 

3) J.R. Platt, J. Chem. Phys., 19, 101 (1951). 

4) R.S. Mulliken. J. Chem. Phys., 3, 564. (1935). 

5) (a) H. McConnel, ibid., 20, 700 (1952): (b) G.J. 
Brealey and M. Kasha, J. Am. Chem. Soc., 77, 4462 
(1955). 

6) S. Nagakura and H. Baba, J. Am. Chem. Soc., 74, 
5693 (1952). 


The definitions of both bands were given 
by Kasha”. We can readily distinguish the 
n band from the z band by their relative 
positions, intensities and shifts when solvents. 
are changed. 

The band which is characteristic of the 
benzenoid system and can not be observed 
in the aliphatic conjugated system is called 
B band. Its position and intensity are the 
media between the z and the n band (¢=250) 
— 3000). This band is caused by the vibration 
of the ring and has many fine structures*. 

It has been believed that the interior of 
micelles of surfactants is constructed by 
hydrocarbon but this fact is not yet experi- 
mentally determined. When the substances, 
which are insoluble or hardly soluble in 
water, are solubilized in the aq. surfactant 
solutions and their spectra are compared with 
those of the same substances in nonpolar 
solvents, and if there is no spectral change, 
we may safely draw the conclusion that the 
interior phase of surfactant-micelles is perfect- 
ly nonpolar. But ifjthe spectral change is 
observed, we can say that the solubilizate 
molecules are under the influence of water 
molecules. If the latter case is observed it is. 
our purpose to show whether some of those 
water molecules are contained in the micelles 
or not. 

In our present work we have used azo- 
benzene, Yellow OB (which have the z and the: 

7) M. Kasha, Disc. Faraday Soc., No. 9, 14 (1950). 


8) F.O. Rice and E. Teller, ‘‘The Structure of Matter”’, 
John Wiley and Sons, Inc., New York (1949), p. 273. 
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al n bands), anthracene and phenanthrene (which 
to have the B and the z bands) as the solubili- 
th zates or the absorbers to study the phase of 


the micelle. These four absorbers are insolu- 
ble in aq. phase but soluble in various organic 

nO solvents and also solubilized in aq. surfactant 
solutions. 


Materials and Experimental Methods 


1) Samples.—Sodium dodecyl sulfate (SDS), 
offered by The Daiichi Seiyaku Co., was purified 
with ether and recrystallized from alcohol. Tri- 
methyl dedecylammonium chloride (TMD), offered 
by The Nihon Yushi Co., was purified by the ex- 
traction with isopropyl alcohol. Nonionic surfac- 

tant Emulgen 120 (E120), (lauryl-polyethylene ether) 

offered by The Kaa,Sekken Co., has been used 

ir with no purification except to remove the water 
by desiccation. Yellow OB and azobenzene, which 

are of chemical pure grade and consist mainly 
of trans type, have been used after being ex- 20+ 
tracted several times with hexane. Anthracene 
and phenanthrene which are also chemical pure 18} 
grade have been used after several extractions 
with benzene. As we need only the relative posi- 
tions and intensities of the bands of these absor- 
bers and not the absolute ones, the influences of 


logioe 





~ 











eee — 
) 


4 — 
300 320 340 360 380 400 420 


Amp —> 


Fig. 1. Absorption spectra of azobenzene 


n minute impurities contained in these absorbers in CCl,;, measured three days after 
le are thought to be negligible. preparation. Concentration of azoben- 
’ 2) Methods.—The measurements of the ab- zene: I. 1.183«10-4#M. II. 1.183«10-°*M. 
tS sorption spectra have been carried out by the III. 3.94x10-3M/L. 


Beckman DU Spectro-photometer at the room 
temperature. 


le 
Tl 

: Results - 7 
ie 1) Experiments with Azobenzene as the : 
0 Solubilizate.—a) The Concentration Depen- ¥ \ 
n dence of the Absorption Spectra of Azobenzene 
; in the Nonpolar Solvent.—In Fig. 1 the absorp- st _— 
f tion spectra of azobenzene in CCl,areshown. The , oe Ti 
, absorption maximum at 320 myz (curve I) is the a 
y z band which depends remarkably on the concen- “6 
i trations. The reason why the z band depends : Z| \ 
S; on the concentration comes from the nature of 3 30 \ 

benzene ring responsible for producing the z band z | ' oR 
t which is able to act as z acid and as z base”. es} \ F 
h The maximum at 445myz is the n band and its “ 4 
r dependence on the concentration is very little, 26+ 4 \ 
‘ because the azo-group which is responsible for eS . 
. producing the n band acts only base and its 24t \ ff | 
: electronic state is hardly affected by the associa- o 
% tion. 22+ 
S b) The Dependence of the Spectra on the 
e Concentration of Azobenzene in the Aqueous a a - <x = x 
r Surfactant Solutions.—As the azobenzene mole- pone 
S. cules are thought to be equally distributed in he A — = 
p every micelle in surfactant solutions, the change Fig. 2. Absorption spectra of azobenzene. 
S of the z band can not occur so long as the num- Concentration of pipseonmeentnania I. 2.283 

ber of absorbent molecules does not exceed that x10, If and Il. 2.283 x10", IV. 1.183 
. of micelles. From the curve I, III, and IV in ed gpd ge pan ros por the scl ong 

. 9 3 = . . 0 «970 4 ed, ° 

. Fig. 2 it is seen, when the 10% aq. SDS solution 10% SDS+2.5% CCl, solubilized. Ref- 


is used, the spectral changes of azobenzene are 
little until its concentration exceeds about 10-*M. 


9) R.S. Mulliken, J. Am. Chem. Soc., 74, 811 (1952). 


erence: I. water, others. solvents. 
Measured 3 days (I and IV), 8 hours 
(II and III) after preparation. 
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Using this fact, it is thought possible to deter- 
mine the number of micelles, accordingly* the 
number of surfactant molecules which form every 
micelle at the definite concentration. The details 
on this subject will be reported in our next paper. 

c) The Scattering and Absorbing Effects by 
the Micelles.—In Fig. 2 the curve II and III are 
almost the same except that the intensity of the 
latter is a little less than that of the former. 
When we use the solvent (including aq. surfactant 
solutions) as the reference liquid we need not be 
concerned about the scattering and absorbing 
effects by the micelles™. 

d) The Time-dependence of the Intensity 
of the Bands.—In Fig. 3a it is seen that the 
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Fig. 3a. Absorption spectra of azoben- 
zene. Measured 8 hours, ---- 


preparation. 
2.278 x 


days after 
azobenzene 


measured 7 
Concentration of 


10-°m. b (the width of the celi)=1lcm. 
Solvents: I. 5% SDS agq., II. 10% SDS 
A = (logio)Io/I. 


intensities of z bands decrease a little with time 
but the positions of their maxima do not alter. 
The intensities of the n bands (not the positions 
of maxima), however, depend markedly on time. 
This is, we suppose, because of the increasing 
amount of hydrogen-bonding between the azo-group 
and the water molecules. In Fig. 3a the solid 
curve (measured eight hours after preparation) I 
(5% SDS) has the higher intensity than that of 
the solid curve II (10%); this shows that in 5% 
SDS the n electrons of azo-group are much more 
perturbed at first by the water molecules than 
in 10% SDS. The broken curve (measured seven 
10) E. Freiver, W. Berndt and H. Toplak, Angew. 
Chem., 67, 69 (1955). 
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days after preparation) I (5% SDS) of Fig. 3a, 
on the contrary, has the lower intensity than that 
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Fig. 3b. Absorption spectra of azoben- 
zene 1.006 10-* M/I. Measured 


8 hours, ---- measured 7 days after 
preparation. Solvents: I. CCl, II, 
C.H;OH. 
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Fig. 4. Absorption spectra of azobenzene 
measured three days after preparation. 
Concentration of azobenzene 1.183 10-+ 
M. Solvents: I. CCl, II. 5% SDS, 
Ill. 5% TMD, IV. 2.5% E 120. 
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of the broken curve II (10%). This is because 
of the velocity of the hydrogen-bonding being 
greater in 5% SDS than in 10% SDS. 

In alcohol the intensity of the n band also 
changes with time, and the effect of the associ- 
ation appears in the z band, but in a nonpolar 
liquid such as CCl, the n band is not affected and 
the lowering of the intensity of the zx band is 
very little with time (Fig. 3b). 

e) The Absorption Spectra of Azobenzene 
in Various Aqueous Surfactant Solutions.— 
In Fig. 4 it is seen, if we take the maxima in the 
CCl, solution as the standard, all the n bands 
shift towards blue and all the z bands shift to- 
wards red in aq. surfactant solutions, which show 
that the solubilizate molecules are in contact with 
water molecules as is the case of Fig. 3a. 

f) The Dependence of Absorption Spectra 
of Azobenzene on the Concentration of Sur- 
factants.—In Fig. 5a (measured eight hours after 
preparation) and 5b (seven days) it is seen that 
the spectra of azobenzene in aq. surfactant solu- 
tions deviate from that in CCl, in the order 5% 
SDS>10% SDS>5% SDS+1.2% CCl, solubilized. 

2) Experiment with Yellow OB.—In the case 
of Yellow OB the degree of the shift of the z 
band is more marked. The maximum at 440 mz 
in CCl, is the z band (Fig. 6a) which shifts to- 
wards red in the surfactant solutions. The n 
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Fig. 5a. Absorption spectra of azoben- 
zene measured 8 hours after prepara- 
tion. Concentration of azobenzene is 
2.278x10- mM. b=1cm. Solvents: I. CCl, 
II. 5% SDS, Ill. 5% SDS+1.2% CCl 
solubilized, IV. 10% SDS. 
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Fig. 5b. Absorption spectra of azoben- 
zene measured 7 days after preparation. 
Concentration of azobenzene 2.278 x 10 
M. b=lcm. Solvents: I CCl, II. 5% 
SDS, III. 5% SDS+1.2% CCl, solubi- 
lized. IV. 10% SDS. 
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Fig. 6a. Absorption spectra of Yellow 
OB measured three days after prepara- 
tion. Concentration of Yellow OB is 
1.245x10-°m. Solvents: I. CC, II. 5% 
SDS, III. 5% TMD. 


band is covered by this massive z band and can 
not be observed. The maximum at 350 mu seems 
to correspond to the third maximum (about 260 mz) 
of Benzeneazo-a-naphthalene (Fig. 6b), which makes 
the skeleton of Yellow OB, caused probably by 
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Absorption spectrum of benzene- 
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Fig. 6b. 
azo-a-naphtharene 
J.C.S., 1177 (1939). 


the z-z*second excited transition, and diffuses and 
shifts a little towards blue in the aq. surfactant 
solution. 

(3) The Changes of B Bands of Anthracene 
in the Aqueous Surfactant Solutions.—In Fig. 
7 are shown the B bands of anthracene in hexane, 
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Fig. 7. Absorption spectra of anthracene. 


Measured one 
Concentration of 
Solvents: I. Hex- 


b=lcem. T=(I/I¢)x 100. 
day after preparation. 
anthracene = 10- M/]. 


ane, II. C:H,OH, III. 10% TMD+2% 
Hexane, IV. 1% TMD, V. 10% TMD. 


alcohol and the aq. TMD solutions. The changes 
of the B bands in alcohol are not remarkable, 
but in the aq. TMD solutions they shift wholly 
towards red about 3myz and particularly in the 
1% aq. TMD solution the marked intensity lower- 
ing occurs. The influence of the added hexane 
is also observed. 
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(4) The Changes of z Bands of Phenanthrene 
in the Aqueous Surfactant Solutions.—In Fig. 
8 are shown the z bands of phenanthrene. In 
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Fig. 8. Absorption spectra of phenanthr- 
ene. b=l1cm.. Measured one days 
after preparation. Concentration of 


phenanthrene =1.115x10-' M/l1. 

Solvent: I. Hexane, II. C,H;OH, III. 
10% TMD+2% Hexane solubilized. IV, 
10% TMD, V. 1% TMD. 


the aq. TMD solutions these z bands shift towarc 
red 2-3mz; in 1% TMD the intensity lowering 
is also observed. As the result of the red shift 
of the z bands the maximum at 300myz, one of 
the B bands, disappears in the surfactant solutions. 


Discussion 


(1) From the changes of the absorption 
bands such as the time dependence and blue 
shift of the n band, the red shifts of the z 
and the B bands, it is apparent that the 
solubilizates are under the influences of some 
polar solvents. 

(2) We suppose first that there is no 
water molecule in the micelle, and these 
spectral changes are caused by the longe- 
range electrostatic force in the water, and 
thus a solubilizate molecule and a water 
molecule are not in contact with each other. 

This supposition is refuted by the consi- 
deration of the experiments of Foster'"”: 
he has shown that no spectral change occurs 
except when the functional group of the 
solute molecule and the solvent molecule.. 


11) L.S. Foster, J. Am. Chem. Soc., 77, 1417 (1955). 
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which has the ability to affect the electronic 
state of the former, are in contact with each 
other directly. Therefore it is sure that 
the solubilizate must be in contact with 
some polar molecules. 

3) We suppose next that there is no 
water molecule in the micelle but the polar 
groups of some surfactant molecules are con- 
tained in the micelle. 

Such a random structure of the micelle is 
hardly acceptable. 

4) Next we suppose that there are no 
water molecules in the micelle but the solu- 
bilizate such as azobenzene and Yellow OB, 
which have azo or amino groups, are in the 
palisade and these groups of the solubilizate 
molecules are in contact with some water 
molecules. 

But the changes of the z bands show that 
the benzene rings are also under the influence 
of water molecules. To explain this fact, the 
greater part of a solubilizate molecule is in 
the aq. phase and the lesser part of it is in 
the palisade. Such a situation is not con- 
ceivable. Especially in the case of anthracene 
and phenanthrene which have no hydrophilic 
group and are never solubilized in the palisade, 
there occur also similar spectral changes. 

(5) When a small amount of the nonpolar 
organic liquid is added to the solubilized ab- 
sorber systems, the spectral changes occur. 
The solubilized nonpolar liquid must be 
thought to drive the water molecules which 
are contained out of the micelle. 

When the concentration of the surfactant 
is in creased, the spectral changes also be- 
comes less. This is thought to show that 
the micelles become more compact with in- 
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creasing concentration, and at the same time 
the number of the water molecules contained 
in the micelle decreases. 

From the consideration discussed above 
we must conclude that some water molecules 
are contained in the micelle at least until 
10% surfactant concentration. 

(6) The reason why surfactant micelles 
contain some water molecules may easily be 
understood from the consideration of the fact 
that such a small volume as the interior of 
micelles are under the intense thermal agita- 
tion of the water molecules. 

(7) Because of the fact that some water 
molecules are contained in the micelle, it is 
natural to think that in the initiation of the 
emulsion polymerization", the catalyser which 
is in the aq. phase diffuses into the inside 
of the micelle and activates the modifier or 
monomer molecule solubilized there. 


Summary 


From the spectral changes of the n, z, and 
B bands, it is concluded that the surfactant 
micelle, at least until 10% concentration, 
contains some water molecules. 


The authors wish to express their sincere 
thanks to Prof. N. Sata for his advice and 
encouragement, and to The Kad Sekken Co., 
The Daiichi Seiyaku Co. and The Nihon Yusi 
Co., for offering us the samples. 


Department of Chemistry, Faculty of 
Science, Osaka University, Osaka 


12 W.D. Harkins, ‘‘ Physical Chemistry of Surface 
Films’, Reinhold Publishing Co., New York (1952). 
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Interaction between Surface Active Agents and Proteins. III. Prect- 
pitation Curve of the System Sodium Dodecyl Sulfate-Egg 
Albumin at Various pH’s and the Determination 
of the Concentration of Protein by the 
Titration Using Surfactant 


By Koichiro Aoki", Joji Hort and Keiko SAKURAI 


(Received January 11, 1956) 


Introduction 


As described in Part I”, we observed in 
the reaction of egg albumin and sodium 
dodecyl sulfate (SDS) in the acetate buffer 
solution at pH 4.2 that the amount of preci- 
pitate formed changed with the mixing ratio 
of egg albumin to SDS (albumin/SDS). In 
this reaction a large amount of white 
precipitate was formed when albumin was in 
excess, and the amount of precipitate decre- 
ased with an increase in the relative amount 
of SDS. Furthermore, there was no preci- 
pitate when the relative amount of SDS ex- 
ceeded a certain mixing ratio. We drew a 
curve, named precipitation curve, by plotting 
the precipitation percentage against the mix- 
ing ratio albumin/SDS. 

The present paper is a report of the 
precipitation curve when the pH of the 
buffer solution was lower than 4.2. In addi- 
tion, we made a study of this curve when 
the neutral salt solution instead of the buffer 
solution was used. 

Further, we investigated the possibility of 
a rapid determination of the concentration 
of the protein solution by the titration using 
surfactant solution, taking advantage of the 
above fact; namely, that the protein and 
surfactant react quantitatively. 


Experimental 


Materials.—SDS, egg albumin and horse serum 
albumin used in this study were obtained by the 
method described previously!»?>. 

Precipitation Curve.—We determined the 
precipitation curve of the system egg albumin-SDS 
at pH’s 4.2. 3.6, 3.1, and 2.3 and at constant ionic 
strength (#) 0.30, using the same method as in 
Part I. Further we determined the precipitation 
curve of this system in the sodium chloride 
solution at gz 0.30, and the curve in distilled 
water. 


* Present temporary address: Department of Chemistry, 
Purdue University, Lafayette, Indiana, U.S.A. 

1) K. Aoki and J. Hori, This Bulletin, 29, 104 (1956). 

2) K. Aoki, H. Shimosato and Y. Kamino, Bull. 
Nagoya City Univ., 1, 67 (1955). 


Determination of Protein.—As is seen in Fig. 
1, there is a precipitate when the concentration of 
SDS is below a certain mixing ratio of albumin; 
SDS, but no precipitate when the concentration 
of SDS exceeds this mixing ratio. We tried to 
titrate the protein solution by surfactant solution 
taking the point where the precipitate disappeard 
as the end point. When the concentration of one 
of the two, i.e., albumin or SDS, is known, the 
concentration of the other can be found by the 
titration. In this study definite amounts of 
protein solutions varying in concentration were 
titrated by SDS solution of known concentration. 
Plotting the volume (Xcc.) of SDS used up to 
the end point of titration against the concen- 
tration (Y%) of albumin, a relation between these 
two quantities was found. Using this relation, 
the concentration of albumin solution, the value 
of which is unknown, can be found through the 
titration by SDS solution. Of course, by con- 
ducting this titration in the reverse way, the 
amount of SDS can be determined by the titration 
using protein solution. 

Procedure of Titration.—Albumin solutions of 
known concentration were prepared using acetate 
buffer* of known pH and ionic strength, or using 
sodium chloride solution. The concentration of 
protein was first determined by the Kjeldahl 
method, and then this protein solution was suc- 
cessively diluted with the same medium in order 
to have a series of solutions varying in concen- 
tration. 

SDS solution of a known concentration was 
prepared using the same medium as used in the 
preparation of albumin solution. 

Taking exactly 2.00 cc. of the albumin solution 
of known concentration, 1.00% SDS solution was 
gradually added. The egg albumin solution 
turned turbid by the first drop of SDS. Con- 
tinuing the titration, the turbidity increased, and 
then the precipitate appeared. On the further 
addition vt SDS, the precipitate dissolved and a 
transparent solution was obtained. This was 
taken as the end point of the titration. 

When the SDS solution was added to the serum 
albumin solution, no precipitate appeared until a 
few drops of SDS solution were added"). With 
the addition of SDS the precipitate first increased 
in amount and then disappeared in the same way 
as in the titration of egg albumin. 


__. «¢§ rT 
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Results 


Precipitation Curves.—Fig. 1 shows precipita- 
tion curves of the system egg albumin-SDS at 
pH’s 4.2, 3.6, 3.1, and 2.3 and at wz 0.30. In this 
figure we find that in the region of albumin 
excess plots are on the same line ab regardless 
of pH, while in the other region they lie on 
separate lines*. By use of plots on the curve 
abc in .Fig. 1, we can calculate the number of 
SDS molecules which are bound to one molecule 
of egg albumin. The method of calculation is 
the same as described in Part I. The result is 
shown in Fig. 2. 
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Fig. 1. Precipitation curves of the system 

egg albumin and sodium dodecyl sulfate 

in acetate buffer at 0.30 ionic strength. 
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Fig. 2. Number of SDS molecules bound 
to one molecule of egg albumin. PH'’s 
are as follows; (© 4.2, @ 3.6, © 3.1, 
and x 2.3. 


Fig. 3 shows the precipitation curve of the 
system egg albumin-SDS in 0.30 N sodium chloride 
solution. Fig. 4 shows the precipitation curve of 
the same system in distilled water. As is shown 
there is a small precipitation curve even when 
distilled water is used. On the contrary, there 
is no precipitation curve in the system serum 


* This buffer was composed of hydrochloric acid and 
sodium acetate. 
* Below pH 3.0 pl. -s fall on a common line cd’’. 
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albumin-SDS when sodium chloride solution or 
distilled water is used. 
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Titration of Egg Albumin.—Some results 
obtained are shown in Figs. 5a, 5b, 5c and 6. 
Fig. 5a shows the result obtained at pH 4.2 and 
at three different ionic strengths. The abscissa 
represents the concentration of egg albumin used, 
and the ordinate represents the volume of the 
1.00% SDS solution required to titrate 2.00cc. of 
albumin solution. A linear relation was obtained 
between these two quantities. Slopes of these 
straight lines vary according to the ionic strength, 
and the lower the ionic strength the smaller the 
slope. At pH 3.6 and 3.1 also, straight lines 
having the same characteristics as those in Fig. 
Ja were obtained. 
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Fig. 5b. Titration of egg albumin by SDS 
in acetate buffer at pH 3.6 and ionic 
strengths 0.20, 0.10, and 0.05. 
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Fig. 5c. Titration of egg albumin by SDS 
in acetate buffer at pH 3.1 and ionic 
strength 0.20, 0.10, and 0.05. 


Fig. 6 shows the results obtained when 0.50 N 
and 0.25N sodium chloride solutions were used. 
In these cases also a linear relation was obtained, 
and the slope of the straight line varied with the 
concentration of sodium chloride. The pH of 
sodium chloride solution containing protein was 


5.2. 
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As is seen in Fig. 4 there is a precipitation 
curve when distilled water is used. Therefore 
the titration of egg albumin in distilled water 
was thought possible; the results, however, were 
not satisfactory because the greater error accom- 
panies the titration. 

Titration of Serum Albumin.—The results at 
pH 4.2 is shown in Fig. 7. 


SDS solution (cc.) 
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Fig. 6. Titration of egg albumin by SDS 


in sodium chloride solution. 
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by SDS in acetate buffer solution at pH 
4.2 and ionic strengths 0.20, 0.10, and 
0.05. 


Discussion 


Precipitation Curve of Egg Albumin 
in Acetate Buffer.—Precipitation curves were 
found in the pH region between 4.2 and 2.3 
and pw 0.30. Fig. 2, which is to be interpreted 
as described in Part I, shows that four series 
of plots fall near the same curve. This 
indicates that, regardless of pH, about forty 
molecules of SDS are bound to one molecule 
of egg albumin in the region of albumin 
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excess. As will be shown elsewhere”, the 
number of positive charges on one egg 
albumin molecule should be constant and 42 
for pH<6. The above result is considered 
to be an experimental verification of the fact 
that the number of positive charges on one 
egg albumin molecule is constant in this pH 
range. 

Titration of Protein—As was shown, the 
concentration of albumin is_ proportional 
to the volume of the 1.00% SDS solution 
required in the titration. The proportionality 
constant changes according to the conditions 
of the titration, i.e.. pH and ionic strength 
of the buffer or the concentration of sodium 
chloride solution. As is seen in Figs. 5a, 5b, 
5c, 6, and 7, the greater the ionic strength 
becomes at the same pH the more SDS is 
necessary. This fact is observed whether 
buffer or sodium chloride solution is used, 
for either egg albumin or serum albumin. 

There is a limitation in the ionic strength 
of the medium to be used. When the ionic 
strength is too large, SDS does not dissolve 
completely, because of the limited solubility 
of surfactant due to the increase in the con- 
centration of salt. When the ionic strength 
is too small, reproducible results cannot be 
obtained since the end point becomes some- 
what obscure. The following are the media 
to be used; acetate buffer solution of an 
ionic strength between 0.50 and 0.05, or the 
sodium chloride solution of an ionic strength 
between 0.50 and 0.25. These values were 
found when the room temperature was about 
20°C, and are affected by temperature. 

When buffer solution is used, there is no 
limit of pH other than that the pH must 
be smaller than that of the isoelectric point of 
the protein*. It is interesting, however, that 
there was a precipitate in sodium chloride 
solution, although the pH of the egg albumin 
solution was 5.2 and was on the alkaline side 
of the isoelectric point of this protein. This 
is a difference in behavior observed between 
the buffer solution and the neutral salt 
solution. 

Considering the results described above, 
it is concluded that a rapid determination of 
the concentration of the protein solution is 





3) K. Aoki, unpublished. 
* When the pH is lower than 2, egg albumin is gradually 
denatured. 


possible. As is clear in Figs. 5a, 5b, 5c, 6 
and 7, the accuracy of the titration using 
SDS is +0.03cc. In other words, the con- 
centration of the protein is determined within 
an error of +2%. 

Difference between Egg Albumin and 
Serum Albumin.—Comparing the results of 
the titration by SDS, a difference is found 
between egg albumin and horse serum albu- 
min. On horse serum albumin, no precipitate 
appeared until the addition of a few drops 
of SDS. But on egg albumin a precipitate 
occurred with the first drop. Therefore, 
egg albumin and serum albumin can be 
distinguished from each other by the titra- 
tion using SDS. 

When horse serum albumin and SDS were 
mixed in distilled water, there was no preci- 
pitate; this phenomenon agrees with the 
observation by Putnam and Neurath”. When 
egg albumin and SDS were mixed in distilled 
water, there was a little precipitate. This 
fact shows another difference between these 
two proteins. 


Summary 


(1) The precipitation curve of the system 
egg albumin-SDS was studied in the pH 
region between 4.2 and 2.3, and at constant 
ionic strength 0.30. It was found that the 
number of SDS molecules bound to one 
molecule of egg albumin is constant and this 
is considered to be a verification of the fact 
that the number of positive charges on one 
egg albumin molecule is constant in this pH 
region. 

(2) A rapid determination of the protein 
concentration by the titration using SDS is 
possible within an error of +2%. 

(3) Egg albumin and horse serum albumin 
react in different ways with SDS in distilled 
water and in sodium chloride solution. 


The authors wish to express their appre- 
ciation to Prof. Rempei Goto of Kyoto 
University for his encouragement during 
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Exchange Reaction between Deuterium and Ammonia on Synthetic 
Ammonia Catalysts Promoted Singly, Doubly, and Triply 
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Introduction 


A few investigations'»» have been made 
on the exchange reaction between deuterium 
and ammonia over iron catalysts for ammonia 
synthesis. Every one of them, however, con- 
fined the kinetic measurement to only one 
kind of the catalyst and no relation of the 
catalytic activity in the exchange reaction 
to the one in the ammonia synthesis is avail- 
able as yet. 

The present paper deals with the rate in 
the exchange reaction on three catalysts 
promoted by alumina with or without potash 
or potash and lime. The results presented 
here are of particular interest in connection 
with the catalyst performance in the ammonia 
synthesis. 


Experimental Procedure 


The rate of exchange reaction between deute- 
rium and ammonia was determined on three kinds 
of fused iron catalysts, which was accompanied 
by the determinations of their surface area and 
the fractions of the surface covered by potash 
and of iron surface. The catalytic activity for 
ammonia synthesis was also evaluated. 

Catalyst.—Catalysts for ammonia synthesis 
which were promoted singly, doubly, and triply 
respectively were employed in this investigation. 
Their promoter-compositions were (5% Al2O;), 
(5% AlzO;, 1% K2O), and (4% Al2,0;, 1% CaO, 1% 
K20). These catalysts were specimens taken from 
respective batches prepared for our previous in- 
vestigations!»»). 

Catalytic Activity of Ammonia Synthesis.— 
The catalyst should exhaustively be reduced to 
be used for the determinations of the activity 
and of the rate of exchange reaction, and this 
was achieved as follows. A quantity (10g.) of 
the catalyst granules rauging from 1 to 2mm. in 
diameter was placed in a catalyst container (A 
in Fig. 1), and was reduced at 500°C in a current of 
a gas mixture composed of hydrogen and nitrogen 
in a ratio of 3: 1, which was passed over the 
catalyst at a space velocity of 2000. At various 





1) H.S. Taylor and J.C. Jungers, J. Am. Chem. Soc., 
57, 660 (1935). 

2) S. Enomoto, Shokubai (Catalysis), 8, 
(in Japanese). 

3) J. Weber and K.J. Laidler, J. Chem. Phys., 19, 
1089 (1951). 

4) H. Uchida and M. Kuraishi, This Bulletin, 28, 106 
(1955). 

5) H. Uchida and N. Todo, ibid., 29, 20 (1956). 


47 (1952) 




















Apparatus. 


Fig. 1. 


intervals in the reduction, the temperature was 
lowered to 350°C. and the exit gas from the con- 
tainer was quantitatively analyzed for ammonia. 
The reduction was continued until no more in- 
crease in the ammonia concentration was observed 
after six hours of further reduction. Usually 
about one hundred hours were required for the 
completion. 

The ammonia concentration in the exit gas 
having passed over the catalyst at temperatures 
between 300° and 450°C at a space velocity of 
2000 is employed as a measure of the activity of 
ammonia synthesis. 

Rate of Exchange Reaction.—An apparatus 
similar to the one used by J. R. Gutmann® was 
employed for the determination of the rate. It 
is shown in Fig. 1. A catalyst container (A) is 
heated in an electric furnance and the catalyst 
is protected from contamination with the vapours 
of tap grease and mercury by U tubes (B, and 
B’) immersed in a melting chlorobenzene bath 
(—45°C). An all-glass electromagnetic pump (C, 
D) based on the design of J. Aman et al.” and 
having pumping capacity of 2.51/min. was used 
to prevent the effect of diffusion in gas phase 
on the rate. During the reaction, a part of the 
gas circulating successively through the container, 
a glass bulb (E, 11 in volume), and the pump, 
was withdrawn by a three-way cock (F) into a 
small bottle (H), which was then removed from 
the apparatus and connected to another apparatus 
equipped with a thermo-conductivity gauge. The 
samples of the gas were freed from the included 


6) J.R. Gutmann, J. Phys. Chem., 57, 309 (1953). 
7) J. Aman, L. Farkas et al., J. Am. Chem. Soc., 70, 
729 (1948). 
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ammonia by means of a liquid oxygen trap and 
then admitted into the gauge for the determina- 
tion of the deuterium content. The gauge was 
kept at 0°C in a vigorously stirred mixture of 
ice and water, and the deuterium content could 
be determined to +0.2% at a pressure of 20+0.05 
mmHg adjusted by means of a leveling mercury 
reservoir and a cathetometer. 

The deuterium was obtained by electrolysis 
from the heavy water supplied by Norsk Hydro- 
elektrisk Comp., by use of NaOD as electrolyte, 
and was purified by passing through a column of 
palladium asbestos and a liquid oxygen trap. A 
mixture of deuterium and hydrogen in a ratio 
of 1: 1 was used in the reaction. A mixing ap- 
paratus fitted with a manometer and a gas cir- 
culating pump was used to prepare the homo- 
geneous mixture of deuterium and hydrogen, and 
mixture was then transferred into a reservoir 
AI) in Fig. 1, while ammonia was introduced into 
another one (J) after purification by drying over 
solid caustic potash and by fractional distillation 
in vacuo. From the reservoirs both the deuterium 
and the ammonia were introduced into the catalyst 
container to the desired composition by reading 
the pressures on a manometer (K). 

The catalyst was degassed at 500°C till a high 
vacuum of 1x10->mmHg could be attained, and 
was then cooled down to the reaction temperature. 
After the admissions of the deuterium (50% Dz) 
and the ammonia, the circulating pump was 


started ana the exchange reaction was followed. 


by checking the deuterium content by analysis 
at definite time intervals. 

Fractions of Surface Covered by Potash and 
of Iron Surface.—The fractions were determined 
according to the procedure by P.H. Emmett*. 
Nitrogen adsorption data were plotted according 
to the BET theory for obtaining the surface area, 
and the amount of carbon dioxide chemisorbed 
at —78°C was available for the determination of 
the fraction of the surface covered by potash, while 
the amount of carbon monoxide chemisorbed at 
—183°C was available for the determination of the 
fraction of the iron surface. In the latter case the 
amount at the pressure of 200 mmHg was employed 
for the determination, as the adsorbed amount re- 
mained constant independently of the increasing 
equilibrium pressure higher than this pressure*!, 


Results 


Catalytic Activity for Ammonia Synthesis. 
—The results are shown in Fig. 2. The triply 
promoted catalyst revealed a higher activity 
than any other and was followed by the 
doubly promoted one. Their activities are 
of the same order as those at a high pres- 
sure of 100kg./cm? (refer to our previous 
papers*”>), 


8) P.H. Emmett, ‘‘ Structure and Properties of Solid 
Surfaces” (edited by R. Gomer and C.S. Smith) (1952), 
p. 428. 

*1 The isotherm with the singly promoted catalyst, 
however, rose slightly with further increasing pressure. 
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Xx, singly promoted catalyst, ©, doubly 
promoted catalyst, A, triply promoted 
catalyst. 


Rate of Exchange Reaction.—The investi- 
gation was particularly concerned with esta- 
blishing the relationship of the initial rate 
to the initial pressure of deuterium as well 
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as of ammonia. In this respect the measure- 
ment of the rate was carried out at a con- 
stant pressure of ammonia with varying 
pressures of deuterium and then at a con- 
stant pressure of deuterium with varying 
pressures of ammonia. The rates were mea- 
sured at three different temperatures, 115°, 
130°, and 150°C, on the three catalysts*?. 

In each kinetic run the deuterium pressure 
vs. time curve was determined. The results 
for a particular series are plotted in Fig. 3. 
From the figure the initial rate was obtained 
graphically by drawing the initial tangent. 
Fig. 4 presents the initial rate as a function 

10-— a 
| 


8r 








Rate of reaction, 4pp, mmH g/min 
> for) 
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Fig. 4. Relation of reaction rate to square 


root of deuterium pressure. 
Reaction temperature, 150°C, 
pressure of ammonia, 120 mmHg. 
x, singly promoted catalyst: (, doubly 
promoted catalyst: A, triply promoted 
catalyst. 


initial 


of the square root of the initial deuterium 
pressure, at a constant ammonia pressure of 
120mmHg at 150°C. There is found a 
straight proportionality established between 
them, and the proportionality is also true 
with other series of runs at different tem- 
peratures. 

The proportionality was found by A. 
Farkas”? on an evaporated iron film, by J. 


Weber et al.” on a singly promoted iron 
catalyst, and also by J. Horiuti et al.' in 
the exchange reaction between nitrogen 
deuteride and hydrogen on nickel. On the 


other hand, J. R. Gutmann” and J. H. Single- 
ton et al.' described the rate of first order 


*2 Immediately after the reduction, the catalyst slightly 
decomposed the ammonia in the exchange reaction at 
150°C. From run to run the decomposition tended to 
diminish in extent and simultaneously the rate became 
lower. After three or four runs there could hardly be 
recognized any decomposition of ammonia and the runs 
became reproducible in respect of the rate. 

9) A. Farkas, Trans. Faraday Soc., 32, 416 (1936). 

10) J. Horiuti and N. Suzuki, Shokubai, 4, 1 (1948). 

11) J.H. Singleton, E.R. Roberts and E.R.S. Winter, 
Trans. Faraday Soc., 47, 1318 (1951). 
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with regard to deuterium pressure from 
their results obtained with the powders of 
iron and nickel and with an evaporated iron 
film respectively. 

The rate was then determined at a constant 
pressure of deuterium (60 mmHg of 50% D.,), 
at 150°, 130°, and 115°C, with varying initial 
pressures of ammonia. The maximum and 
minimum ammonia pressures were 300mm. 
and 30 mmHg respectively. The factors limit- 
ing the range of ammonia pressure were the 
vapour pressure of ammonia at —45°C, which 
was the temperature of U tubes (B, B’ in Fig. 
1), and the accuracy of deuterium analysis 
in experiments where a high ratio of de- 
uterium to ammonia resulted in too small a 
change of deuterium content for accurate 
determination. 

The results are shown in Fig. 5 presenting 
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Fig. 5. Dependence of initial rate upon 

initial ammonia pressure. 

Full line, results at 150°C: dotted line, 

results at 130°C: dotted and dashed line, 

results at 115°C. 

x, singly promoted catalyst: 

promoted catalyst: 

catalyst. 


), doubly 
A, triply promoted 


the initial rate as a function of the initial 
ammonia pressure**. The initial rates on the 
doubly promoted catalyst, at the three dif- 
ferent temperatures, persisted unchanged 
independently of the varying initial pressures, 





%3 In the reaction with a low ammonia pressure of 
30 mmHg, the rate at 115°C was too rapid to permit 
accurate measurement. 
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whereas the initial rate on the singly promoted 
one tended to decrease, at first, rapidly with 
the increasing initial ammonia pressure until 
it gradually approached a nearly constant 
value. At the high temperature of 150°C, 
the triply promoted catalyst was similar to 
the doubly promoted one in holding the in- 
itial rate constant; however, at the low tem- 
peratures of 130° and 115°C, it resembled the 
singly promoted one in revealing the decreas- 
ing rate with the increasing pressure of 
ammonia. 

Our results observed with the doubly pro- 
moted catalyst are consistent with the rates 
observed by A. Farkas” on the evaporated 
iron film and by J. R. Gutmann” on the iron 
powder. Further, the kinetic results obtained 
by J. Weber et al. with their singly promoted 
catalyst revealed a maximum of the rate at 
a certain ammonia pressure, from which the 
present results obtained with our singly 
promoted catalyst differed in giving the rate 
decreasing monotonously with the increasing 
initial ammonia pressure. The _ tendency 
found on the triply promoted catalyst coin- 
cides with the results obtained by J. H. 
Singleton et al.' on their evaporated iron 
film. 


So far as the rate per lg. of catalyst is 


concerned, the rate is highest with the 
singly promoted catalyst, whereas it is lowest 
with the doubly promoted one. 

Fractions of Surface Covered by Potash 
and of Iron Surface.—The results are listed 
in Table I. The catalysts have the surface 


TABLE I 
SURFACE AREA AND FRACTIONS OF SURFACE 
COVERED BY POTASH AND OF IRON SURFACE 
Surface Fraction 


Fraction 
Area of Surface 
Catalyst m?/g. Covered = — 
Oxide by Potash *UT*AaCe 
— 16.4 0.01 0.51 
——— 14.2 0. 46 0.24 
aoe : 
1 — 18.4 0. 28 0.44 


area descending in the order of the triply 
promoted, singly promoted, and doubly pro- 
moted catalysts, while the fraction of the 
surface covered by potash decreases in the 
order of the doubly promoted, triply pro- 
moted, and singly promoted catalysts. The 
larger the fraction of the surface covered by 
potash, the smaller is that of iron. 


Discussion 


Rate of Exchange Reaction.—J. R. Gut- 


mann™® and J. H. Singleton et al.' repre- 
sented their experimental rates by equation 
(1), while J. Horiuti et al.’ expressed the 
rate by equation (2), both equations being 
based on the consideration of the rates of 
zeroth order with respect to the ammonia 
pressure. On the other hand J. Weber et 
al.» interpreted their results obtained with 
their singly promoted catalyst by equation 
(3), assuming the reaction to take place be- 
tween an adsorbed deuterium atom and an 
adsorbed ammonia molecule. In the _ last 
equation the rate attains to a maximum value 
at a certain pressure of ammonia. 


r=kp)ve (1) 
r=kpi? (2) 
v=kpyuspi2/(1+apnus+bpy? ) (3) 


In our present investigation the initial rate 
was found to be proportional to the square 
root of the initial deuterium pressure but to 
depend differently upon the initial ammonia 
pressure according to the kind of the cata- 
lyst. The experimental rate may then be 
expressed by the following equation (4 


r=kp\2/(1+apnus+bp\2) (4) 
De De 


The last term in the denominator may be 
ignored, since the relation observed between 
the initial rate and the square root of the 
initial deuterium pressure was linear. In the 
equation, @ is an equilibrium adsorption con- 
stant of ammonia given by Langmuir’s ad- 
sorption isotherm, and therefore takes dif- 
ferent values according to the kind of the 
catalyst as well as the reaction temperature. 

The equation suggests the rate to be based 
on the jump of dissociated deuterium atom 
from one site to another as the rate deter- 
mining step, and to be retarded by the ad- 
sorption of ammonia on the surface more 
readily if the catalyst has the higher value 
of a. 

Values of @ may be predicted from the 
extent to which potash covers the surface, 
since the potash existing in the surface pre- 
vents the adsorption of ammonia. A larger 
value of a@ may thus reasonably be expected 
for the singly promoted catalyst whose sur- 
face is free from potash, whereas the ex- 
tremely small one for the doubly promoted 
catalyst having the surface covered by potash 
to such an extent as a half of the total sur- 
face (refer to Table I), and this has appeared 
consistent qualitatively with the experimental 
rates for the singly promoted and doubly 
promoted catalysts. From the medium extent 
of the covering by potash found with the 
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triply promoted catalyst, a value of a@ smaller 
than that for the singly promoted catalyst 
but larger than that for the doubly promoted 
one is expected for the catalyst. This can 
explain both the rate remaining constant 
independently of the increasing initial am- 
monia pressure at high temperatures where 
the value is comparatively small and the 
rate decreasing with the increasing initial 
pressure of ammonia at low temperatures 
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Relation of Activity for Exchange Reac- 
tion to Activity for Ammonia Synthesis.— 
Considering that the exchange reaction as 
well as the synthesis takes place on the iron 
surface of the catalyst, both rates measured 
per an equal quantity of the catalyst are 
divided, for the sake of comparison, by the 
surface area multiplied by the fraction of the 
iron surface (s<q@ in Table III). The results 
are shown in Table III**. 


TABLE III 


RATES OF EXCHANGE REACTION AND AMMONIA SYNTHESIS BASED ON A DEFINITE 
SURFACE AREA OF IRON 


Initial Rate of Exchange Reac- 


Initial Rate of Ammonia 


Catalyst tion (r/sxa)*, 4pp,/min. Synthesis (r’/sx«a)*, 
150 130 115°C 4pyy,/min., 350°C 
Singly Promoted Catalyst 0.616 0. 257 0.022 0. 61-102 
Doubly Promoted Catalyst 0. 293 0.073 0. 027 2. 36-10? 
Triply Promoted Catalyst 0. 216 0. 070 0. 027 1. 15-102 





* In r/sxa, r is the rate of the exchange reaction, s is the surface area of the catalyst, 
and @ is the fraction of iron surface. The initial rate of ammonia synthesis (7’) at 350°C 
was calculated with the aid of Temkin’s equation at the low pressure. 


where the value becomes larger. 

The apparent activation energies of the 
exchange reaction were obtained from Ar- 
rhenius plots of the rate constant k in equa- 
tion (4), and are listed in Table II. The 


TABLE II 
APPARENT ACTIVATION ENERGY OF EX- 
CHANGE REACTION 
Apparent Activation Energy 
Catalyst (kcal./mol.) at Initial Ammo- 
nia Pressure of 


60 120 200 mmHg 


Singly Promoted ? ea a 
Catalyst 13.8 13, 2 12.8 

Doubly Promoted ra é <- 
Catalyst 15.3 15.1 15.2 
a 

Triply Promoted 14.2 14.1 14:3 


Catalyst 


energy for the singly promoted catalyst is 
smaller than any other, and this probably 
contributes to the higher activity in the ex- 
change reaction. Whereas the energies for 
the doubly promoted catalyst and the triply 
promoted one persist unchange independently 
of the varying pressures of ammonia, the 
energy for the singly promoted one tends to 
decrease with the increasing initial pressure 
of ammonia. The decrease was once found 
by J. Weber et al.* on their singly promoted 
catalyst and also by J. H. Singleton et al.'» 
on the evaporated iron film. No certain ex- 
planation of the tendency can be available 
as yet. 


The rates thus obtained of the exchange 
reaction at 150° and 130°C for the singly 
promoted catalyst are remarkably higher 
than the rates for the others, of which the 
rate for the doubly promoted catalyst is 
slightly higher than that for the triply 
promoted one**®. The comparison of the rate 
in the exchange reaction with the one in the 
ammonia synthesis, both being based on a 
definite extent of iron surface (refer to Table 
II), reveals no parallel relation existing be- 
tween them: the singly promoted catalyst 
of the highest rate in the exchange reaction 
gives the lowest rate in the ammonia syn- 
thesis, while the doubly promoted catalyst 
with the highest rate in the latter gives the 
markedly low rate in the former. 

As described by H. S. Taylor’, the rate 
involved in the equation (4) can not be ex- 
pected to determine the rate of ammonia 
synthesis, since the exchange reaction will 
proceed with great rapidity at the high tem- 
peratures obtaining in the ammonia synthe- 
sis. Usually the rate in the ammonia synthe- 
sis is considered to be determined by the 
rate of activated adsorption of nitrogen. 
This, in connection with the results in the 
preceding paragraph, reveals the fact that 
the catalyst surface rapidly adsorbing deute- 

*4 As for the singly promoted catalyst, the rate at the 

ammonia pressure of 200 mmHg was employed for the 

calculation. No remarkable decrease of the rate was 
observed beyond this ammonia pressure. 

** There has hardly ever been found any distinct 


difference between the activities for the exchange re- 
action at 115°C. 
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rium at the low temperatures slowly adsorbes 
nitrogen at the high temperatures. It, how- 
ever, follows by no means that the surface 
is homogeneous, but it leads us to expect 
the surface as described by R. P. Eischens'?, 
which is rather heterogeneous, being divided 
into a few homogeneous portions. Either one 
of the portions will be predominant accord- 
ing to the promoter-composition. 


Summary 


The tendencies observed of the experi- 
mental rate (v) in the exchange reaction are 
represented by the following equation 


r=kp\32/(1+apnus)- 


In the equation @ is the equilibrium adsorption 
constant in Langmuir’s isotherm. The value 
of a@ varies according to both the reaction 
temperature and the promoter-composition 
which causes different extents of the cover- 
ing by potash on the surface after reduction. 

The apparent activation energies in the 


exchange reaction are in a range of 15.3 to 
12.8 kcal./mol. and the energy for the singly 
promoted catalyst is remakably smaller than 
the others. Whereas the energies for the 
doubly promoted and triply promoted catalysts 
persisted unchanged independently of the 
varying initial pressures of ammonia, the 
one for the singly promoted catalyst tended 
to decrease with the increasing initial pres- 
sure of ammonia. 

The comparison of the rate in the exchange 
reaction with the one in ammonia synthesis, 
both being based on a definite extent of iron 
surface, reveals no parallel relation existing 
between them, namely the catalyst (the singly 
promoted catalyst) having the highest acti- 
vity in the exchange reaction has a very low 
activity for the ammonia synthesis. 


Government Chemical Industrial Research 
Institute, Tokyo 


12) R.P. Eischens, J. Am. Chem. Soc., 74, 6167 (1952). 





Magnetic Susceptibility of Erythrocruorin From the Blood of an Ark-Shell 


By Masaji Kuso, Takehiro KOBAYASHI and Michihiko KIsHITA 


(Received May 23, 1956) 


Since Pauling and Coryell” studied the 
magnetic properties of hemoglobin and oxy- 
hemoglobin from bovine blood, it has become 
clear that a hemoglobin molecule undergoes 
a change in electronic structure on combina- 
tion with oxygen molecules. The conversion 
of hemoglobin to oxyhemoglobin is accom- 
panied by a change in the molecule from the 
paramagnetic to the diamagnetic condition 
and also the oxygen molecule, which in its 
free state is paramagnetic, is involved in the 
change of the magnetic condition. Following 
this, one of the present writers”? carried out 
a similar investigation on another iron- 
containing respiratory pigment called heme- 
rythrin. He found that the change from the 
paramagnetic to the diamagnetic condition 
on oxygenation is so profound that the effect 
of the combining of an oxygen molecule 


1) L. Pauling and C.D. Coryell, Proc. Nati. Acad. 
Sci. U.S., 22, 159 (1936); 22, 210 (1936), C.D. Coryell, 
F. Stitt and L. Pauling, J. Am. Chem. Soc., 59, 633 
(1937). 

2) M. Kubo, This Bulletin, 26, 244 (1953); Mono- 
graph Series of Research Inst. Applied Electricity, 5, 
37 (1955). 


extends to all of the three iron atoms of a 
magnetic group in the molecule of heme- 
rythrin. On the other hand, in hemoglobin, 
which combines with oxygen in the definite 
proportion of one molecule of oxygen per 
one atom of iron, the effect is naturally 
limited to a single iron atom. 

The present investigation deals with eryth- 
rocruorin, another’ respiratory pigment 
containing ferroheme. It can be found in 
the blood and tissue fluids of invertebrates. 
Erythrocruorin (or hemoglobin) occurs even 
in the root nodules of certain legumes*. 
Although erythrocruorins bear resemblance 
to hemoglobins from vertebrates in many 
respects, these two types are by no means 
identical. As a class, the erythrocruorins 
have more acid isoelectric points than the 
hemoglobins. In some cases the protein is 
present in solution, but in others the pigment 
is found in cells. In the former, most of the 
erythrocruorins have very high molecular 
weights of the order of a million or more, 


3) H. Kubo, Acta Phytochim. (Japan), 11, 195 (1939). 
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and presumably contain a very large number 
of hemes. In view of these facts, it seemed 
worth while to make magnetic measurements 
on erythrocruorin and to compare the results 
with findings on hemoglobin. The probable 
reason why erythrocruorins have eluded 
magnetic investigation is that this res- 
piratory pigment in any great amount is 
difficult to obtain, whereas measurement by a 
Gouy magnetic balance reguires a fairly large 
amount of sample solution. Fortunately an 
ark-shell known as Anadara(=Arca) inflata 
(Reeve) is commonly found at various places 
along the coast of Japan. Ample blood is 
obtainable from this shell-fish®. The present 
writers prepared a solution of erythrocruorin 
using the blood of this shell-fish and 
measured the magnetic susceptibility of the 
solution in both deoxygenated and oxy- 
genated states. A control experiment was 
made on horse hemoglobin using the same 
apparatus and experimental technique. 


Material 


Anadara inflata (Reeve) used in the present 
experiment was procured in a fish market in 
Nagoya. Presumably the shell-fish were taken 
from a nearby bay. All precautions were taken 
in the preparation of erythrocruorin solution. 
The umbonal part of each shell was broken by 
a blow with the base of a glass bottle. Then the 
heart was carefully incised with the sharp point 
of a glass rod in order to let the blood flow into 
a beaker. These precautions were taken because 
the use of an iron hammer and a steel knife 
might possibly introduce ferromagnetic impurities 
into the sample. To remove the fragments of 
tissues, the blood was filtered through several 
layers of antiseptic gauze. When centrifuged, 
the dark red corpuscles settled as sediment on 
the bottom of the tube. To completely remove 
the plasma, the sediment was washed several 
times with 3 percent sodium chloride solution. 
After the solution was aerated for about one 
hour, it was left to stand in a refrigerator for 
1-1.5 hours. Finally these blood cells were put 
into distilled water to subject them to hemolysis. 
Immediately before use, the stroma was removed 
by centrifuging. The clear solution which was 
pipetted out assumed a dark red color. Blood cells 
occupying approximately 25 cc. were obtained from 
about 4kg. of this material. 


Apparatus and Experimental Procedure 


For the determination of magnetic susceptibility, 
a Gouy magnetic balance was used at room tem- 
perature (ca. 15°C) as described in a paper® by 
two of the present writers and their collaborators. 
An erythrocruorin solution prepared in accord- 
ance with the foregoing procedure was in the 





4) T. Sato, Z. vergleich. Physiol., 14, 763 (1931). 
5) M. Kondo, M. Kishita, M. Kimura and M. Kubo, 
This Bulletin, 29, 305 (1956). 
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state of practically complete oxygenation. For 
magnetic measurement, the solution was placed 
in a cell. In order to prepare a deoxygenated 
specimen, the air in a vessel which contained the 
solution (about 15 cc.*) was evacuated and nitrogen 
bubbled through alkaline pyrogallol solutions in 
advance was admitted into the vessel. The 
equilibration was repeated several times until 
deoxygenation was complete, as indicated by the 
red color of the solution becoming tinged with 
violet. Finally, the solution was transferred from 
the vessel into the cell which had been connected 
to the vessel by means of a rubber tube. The 
intrusion of air into the cell was prevented by 
keeping the pressure of nitrogen in the vessel 
higher than the atmospheric pressure. 

It was of prime importance that in spite of 
repeated partial evacuation and equilibration with 
nitrogen, the concentration of the deoxygenated 
solution was the same as that of the oxygenated 
solution. Therefore use was made of nitrogen 
saturated with water. Moreover, the fact that 
no appreciable loss of water took place during 
manipulation was confirmed by carrying out 
measurements both on the original oxygenatec 
solution and on the solution subjected to deoxy- 
genation followed by oxygenation. The results 
of these two measurements were in good agree- 
ment with each other within the allowable limit 
of experimental errors. 


Determination of Iron Content 


The solution of erythrocruorin (4cc.) was 
subjected to the wet-ashing procedure and the 
amount of iron brought into solution as an inor- 
ganic salt was determined colorimetrically by the 
use a,a’-dipyridyl. The method employed was 
essentially the same as those given by Eden and 
Green®) and by Thorp”). A color comparison 
was made using a Coleman spectrophotometer 
with green light of wavelength 525 my. A blank 
test was carried out in exactly the same manner 
as above with an equal volume of water in place 
of the solution under investigation. 


Hemoglobin Solution 


Fresh horse blood was defibrinated and centri- 
fuged. The sediment was washed six times with 
0.85 percent solution of sodium chloride. The 
blood cells, after being aerated, were hemolysed 
with approximately a half volume of water. The 
hemoglobin solution was centrifuged before use. 
The experimental procedures for magnetic 
measurements and for iron content determina- 
tion were the same as those employed for eryth- 
rocruorin solution. 


Experimental Results and Discussion 


The results are summarized in Table I. 
The difference, Ka:0.y.-—,y-, divided by the 
iron concentration and multiplied by the 











* A single measurement required only about 3.5cc. of 
solution. 

6) A. Eden and H.H. Green, Biochem. J., 34, 1202 
(1940). 

7) R.H. Thorp, Biochem. J., 35. 672 (1941). 
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atomic weight of iron yields the difference 
(Xaory-—Xory.) between the susceptibility of 
deoxygenated erythrocruorin (or hemoglobin) 
and that of oxygenated preparation per gram 
atom of iron, as given in Table I. The 


TABLE I 
MAGNETIC SUSCEPTIBILITIES, *«, PER UNIT 
VOLUME OF ERYTHROCRUORIN SOLUTION 
AND HEMOGLOBIN SOLUTION IN DEOXY- 
GENATED AND OXYGENATED STATES 
Erythrocruorin Hemoglobin 


Deoxygenated —0.691,x10-° —0.599, «10% 
Oxygenated —0.7249«10 —0.727)« 10% 
Density 1.023 g./cc. 1.043 g./cc. 
Iron Concentration 170.9 7/cc. 558.1 T/cc. 


Lacos ys —Xory- 0.01064cc./mole 0.01279cc./mole 


difference between molecular susceptibilities 
is some simple multiple of 4X depending 
upon how many atoms of iron are contained 
in a molecule. Let 4X be used rather than 
the difference between molecular suscepti- 
bilities simply because this does not involve 
making an initial assumption on the molec- 
ular weight of erythrocruorin. The use of 
AX presupposes that the magnetic coupling 
between different hemes is inappreciable, or 
in other words that the different magnetic 


groups in a molecule are practically in-° 


depedent of each other as if they were 
located in separate molecules. This condition 
is satisfied to a fair degree of exactness for 
hemoglobin and presumably also for eryth- 
rocruorin. 

The diamagnetic term is cancelled in the 
difference, 4X. Therefore assuming that all 
oxygen combining centers are alike, it holds 
that 


on aT (MW acory.— Lory.) « 


Here N and k denote Avogadro number and 
Boltzmann constant respectively, JT the ab- 
solute temperature, and yw the magnetic 
moment associated with a heme. There are 
good reasons” for believing that oxyhemo- 
globin contains no unpaired electrons, i.e., 
ory =0. This leads directly to p=5.43 
Bohr magnetons per heme of deoxygenated 
horse hemoglobin, which value is in good 
agreement with 5.46 and 5.43 Bohr magnetons 
given respectively by Pauling and Coryell” 
for cow hemoglobin and by Taylor and 
Coryell® for horse hemoglobin. In the case 
of erythrocruorin, one has no ad hoc reason 
to assign any particular value to po,y.. The 
assumption that oxygenated erythrocruorin 
contains no unpaired electrons gives the 





8) D.S. Taylor and C.D. Corvell, J. Am. Chem. Soc., 
60, 1177 (1938). 


minimum value of 4.96 Bohr magnetons for 
the magnetic moment of deoxygenated erayth- 
rocruorin. If some iron atoms were not 
affected by oxygenation, and/or if there were 
some unpaired electrons in the oxygenated 
erythrocruorin, the figure would be larger. 
Since it is known that molecules of all kinds 
of respiratory pigments heretofore inves- 
tigated contain no unpaired electrons, let it 
be taken for granted that this assumption 
is adequate. This leads to the conclusion 
that 
Maoxy.=4.96 Bohr magnetons. 

This value corresponds closely to the presence 
of four unpaired electrons per heme and to 
the almost complete quenching of orbital 
moments because the resultant of the spin 
moments of four unpaired electrons has the 
theoretical value of 4.90 Bohr magnetons, 
neglecting contributions due to ordital mo- 
ments. Although extracted from the blood 
of an invertebrate, the erythrocruorin under 
investigation must be regarded as _ being 
similar to hemoglobins from vertebrates at 
least with regard to its magnetic properties. 

Recently Yagi” and his collaborators in 
the Chemical Department of Nagoya Univer- 
sity succeeded in isolating this erythrocruorin 
in crystalline state. They found that the 
minimum molecular weight of this compound 
is equal to 19,000. The molecular weight is 
73,000, as determined by Ui® in Tokyo 
University from the sedimentation equilib- 
rium in an ultracentrifuge. Therefore one 
molecule contains four hemes, and the mole- 
cular weight is equal to 73,000~76,000. These 
facts also confirm the view that the eryth- 
rocruorin under investigation has some- 
thing in common with vertebrate hemoglobins 
which have molecular weights close to 67,000. 


Summary 


The magnetic susceptibility of an aqueous 
solution of erythrocruorin from an ark-shell 
known as Anadara inflata (Reeve) was 
measured by a Gouy magnetic balance at 
15°C in deoxygenated and in oxygenated 
state. On the plausible assumption that 
oxygenated erythrocruorin contains no un- 
paired electrons, the magnetic moment per 
one iron atom of this respiratory pigment 
in deoxygenated state was calculated to be 
equal to 4.96 Bohr magnetons. This corre- 
sponds closely to the presence of four unpaired 
electrons per heme and to almost complete 
quenching of orbital moments. For this 
reason, the erythrocruorin bears a remarkable 

9) Y. Yagi, T. Mishima, T. Tsujimura, K. Sato, F. 


Egami and N. Ui, Compt. rend.; J. Biochem. (Japan), to 
be published shortly. 
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resemblance to hemoglobins of vertebrates 
in go far as its magnetic properties are 
concerned. 

We wish to express our appreciation to 
Prof. Sato and to Prof. Egami and his as- 
sociates for their helpful advice in the 
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preparation of materials. We thank the 
Ministry of Education for supporting this 
research. 
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Nagoya University 


Partial Methanolysis of the Mucilage of Chondrus Ocellatus Holmes” 


By Choji ARAKI and Susumu HIRASE 


(Received April 26, 1956) 


The mucilage of Chondrus ocellatus Holmes 
closely resembles carrageenin, the mucilage 
of Chondrus crispus, in properties and chemical 
structure”. Both mucilages are the metallic 
salts of sulfate esters of polysaccharides 
containing p-galactose residues, which are 
connected through their positions 1 and 3°. 
The galactoside linkages were inferred to 
be of the a-type*®»?. Small amounts of L- 
galactose”, p-glucose® and 2-keto-p-gluconic 
acid” were also reported to be present in 
one of the mucilages. Recently, O’Neil found 
the presence of an appreciable amount of 
3,6-anhydro-p-galactose in the mucilage of 
C. crispus®, using the mercaptolysis method 
which had been developed by the present 
authors in the investigation of agar”. The 
anhydro-sugar found is the enanthiomorph 


of that present in agar, and the result 
obtained by O’Neil was confirmed by Per- 
cival™. On the other hand, the present 


authors succeeded in the isolation of agaro- 
biose dimethylacetal(4-O-8-p-galactopyranosyl- 
3, 6-anhydro-L-galactose dimethylacetal) in a 


1) After this article had been submitted to be read at 
the 9th Annual Meeting (1956) of the Chemical Society 
of Japan, the authors saw O’Neil’s report of the isolation 
of 4-O-8-p-galactopyranosy]-3,6-anhydro-D-galactose di- 
ethyimercaptal from the mercaptolysis product of car- 
rageenin; A.N. O'Neil, J. Am. Chim. Soc., 77. 6324 
(1955). 

2) T. Mori, Advances in Carbohydrate Chemistry, 8, 
315 (1953). 

3) a) T. Mori and T. Tsuchiya, J. Agr. Chem. Soc. 
Japan, 14, 585 (1941). b) R. Johnston and E.G.V. 
Percival, J. Chem. Soc., 1950, 1994. 

4) T. Mori and S. Fumoto, J. Agr. Chem. Soc. Japan, 
23, 81 (1949). 

5) C. Araki and K. Arai, Collected Papers for the 
Celebration of the 45th Anniversary of the Founding 
of Kyoto Technical College, 80 (1948). 

6) A. Miither and B. Tollens, Ber., 37, 298 (1904); 
P. Haas and B. Russell-Wells, Biochem. J., 23, 425 (1929). 

7) E.G. Yong and F.A.H. Rice, J. Biol. Chem., 164, 
35 (1946). 

8) A.N. O'Neil, J. Am. Chem. Soc., 77, 2837 (1955). 

9) a) C. Araki and S. Hirase, This Bulletin, 26, 463 
(1953). b) S. Hirase and C, Araki, ibid., 27, 105 (1954). 

10) E.E. Percival, Chem. & Ind., 1954, 1487. 


high yield by the partial methanolysis method 
from agar'’. With this in mind, the method 
has been applied to the mucilage of C. 
ocellatus, and the results obtained are re- 
ported herein. 

The mucilage has been prepared by ex- 
traction of C. ocellatus Holmes (f. canali- 
culatus Okam.) with hot water and precipi- 
tation of the extract with ethanol. The 
product showed a specific rotation [@]»+54° 
in water, and contained 24% sulfate. The 
partial methanolysis has been carried out in 
a manner similar to that used for agar'”. 
After saponification the methanolysate was 
deionized with ion exchange resins. The 
acidic product, absorbed by the anion resin, 
was eluted from the resin and was isolated 
as a barium salt. The sole product obtained 
was barium monomethylsulfate arising from 
the sulfate residue present in the mucilage. 
The deionized methanolysate was separated 
by column chromatography, which led to the 
isolation of the following products in the 
yields indicated by weight percentages based 
on the deionized material: methyl p-galacto- 
side(IV, 6%), 3,6-anhydro-p-galactose dimethyl- 
acetal (V, %), 4-O-$-p-galactopyranosy]- 
3,6-anhydro-p-galactose dimethylacetal (III, 
68%) and methyl] 4-O-£-p-galactopyranosy]-3, 6- 
anhydro-f-p-galactoside (II, 5%). 
4-O0-8-p-Galactopyranosy]-3, 6-anhydro-p-gala- 
ctose dimethylacetal (III) could not be crystal- 
lized, but it was characterized as its crystal- 
line hexa-acetate(VI) having the formula 
C,2H,4Oo(COCH3;),(OCH;)2. Saponification of 
the acetate regenerated the non-crystallizable 
dimethylacetal (III), which was then hydro- 
lysed with a 0.02N oxalic acid solution to 
give a reducing disaccharide (I). Its phenyl- 
osazone was prepared in a crystalline condi- 


11) C. Araki and S. Hirase, This Bulletin, 27, 109 
(1954). 
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tion. The structure assignment to III has 
arisen for the following reasons. Methanolysis 
afforded methyl p-galactoside(IV) and 3,6- 
anhydro-p-galactose dimethylacetal(V), indi- 
cating that III is composed of p-galactose 
and 3,6-anhydro-p-galactose residues. On 
the other hand, the hexa-acetate(VI) was 
treated with dimethylsulfate and potassium 
hydroxide, and was further methylated 
with Purdie’s reagents. When the resulting 
methylated dimethylacetal (VIl) was subjected 
to methanolysis, there was obtained a mix- 
ture of methyl 2, 3, 4, 6-tetra-O-methyl-p-gala- 
ctoside (VIII) and 2,5-di-O-methyl-3, 6-anhy- 
dro-p-galactose dimethylacetal (IX). The con- 








trolled hydrolysis converted only the latter 
product into the corresponding reducing sugar, 
from which the former product was separated 
by extraction with petroleum ether. Methyl 
2, 3, 4, 6-tetra-O-methyl-p-galactoside obtained 
was hydrolysed to give the corresponding 
reducing sugar, which was identified as its 
well known anilide. 2,5-Di-O-methy]-3, 6-an- 
hydro-p-galactose was oxidized with bromine 
water to give crystalline 2, 5-di-O-methy1-3, 6- 
anhydro-p-galactonic acid, the identity of 
which was established by comparison with 
its enanthiomorph previously obtained from 
methylated agarobiose derivatives’. The 
amide was also prepared in a crystalline 
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12) C. Araki, J. Chem. Soc., Japan, 65 533, 627 
(1944+. 
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condition. This result has indicated that the 
p-galactose residue is glycosidically joined 
with the position 4 of the 3,6-anhydro-p- 
galactose residue. Moreover, from the low 
positive value of the specific rotation of III, 
it has been suggested that the galactoside 
linkage has the §-configuration, in disagree- 
ment with the inference so far drawn™*”, 

Methyl 4-O-f-p-galactopyranosy] -3, 6-an- 
hydro-f-p-galactoside (II) was isolated as 
crystalline monohydrate, having the formula 
C,2H,yO.(OCH;). On treatment with 0.5% 
methanolic hydrogen chloride for a _ short 
period, it afforded the foregoing dimethyl- 
acetal (III), in agreement with the structure 
(II) assigned. In addition, on the basis that 
the methyl glycoside (II) has a highly nega- 
tive value of the specific rotation ([@a]p—78.6° 
in water), the #-configuration has been as- 
signed to the methoxyl group. 

From the high yield, in which the disac- 
charide (I) has been isolated as its dimethy]- 
acetal (III) and methyl] glycoside (II), and also 
from the fact that p-galactose residues are 
connected by 1,3-linkages®, it necessarily 
follows that the most part of the carbo- 
hydrate of the Chondrus mucilage employed 
is composed of such repeating units as are 
illustrated in the formula (X), the a-configu- 
ration being assigned to the 3,6-anhydro-p- 
galactoside linkages because of the positive 
value of the specific rotation of the mucilage. 


| ; "mae 
cH , cH 
H—C—OH | | H—C—OH 
O bu oo ) bu 4¢ 
| HO—¢—H | | | cH 
H—C O H—C 
du,0H bu, 


(X) Repeating Unit of the Carbohydrate of 
the Chondrus Mucilage. 


O "| P 
CH —_—"_ cH 
Ho-¢_H | H—C_OH 
O H— 0 OCH 0 
| u— ~ Ho—¢_H | 
C-H 0 n—¢ — 
H,C du,01 


(XI) Repeating Unit of the Agarose Frac- 
tion of Agar! 


The repeating unit(X) suggested above 
forms a novel contrast with that (XI) of the 
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agarose fraction of agar'®, because they are 
of “half-antipode” with each other. Since 
the parent disaccharide of XI was isolated 
from agar and termed agarobiose'’, it is 
now suggested that the parent disaccharide (I) 
of X is conveniently named carrabiose. Ac- 
cordingly, the dimethylacetal (III) and methyl] 
glycoside (II) isolated in this work are 
respectively called carrabiose dimethylacetal 
and methyl §-carrabioside. 

Last, it should be emphasized that further 
investigation is needed to establish the end 
group and the molecular shape as well as 
the disposition of sulfate groups of the 
mucilage. 


Experimental 


General Procedure.—Evaporation and concent- 
ration were carried out under reduced pressure 
below 40°. The Melting points are uncorrected. 
Specific rotations were measured in aqueous 
solutions unless otherwise stated. The paper 
chromatograms were irrigated with z-butanol- 
ethanol-water (4: 1:2 by volume) in the ascending 
manner, and were sprayed with o-aminophenol 
reagent') unless otherwise stated. 

Material.—The mucilage was extracted from 
sun-dried C. ocellatus Holmes (f. canaliculatus 
Okam.) (30g.) with hot water(3/.). After filt- 
ration through a Celite-bed, the extract was 
concentrated and precipitated by 95% ethanol. 
The product was obtained as fibres, which were 
then ground to powder; yield 15.8g.; [a]j}+53.7 
(c, 0.54); SO,4, 24.14; Ash, 17.34; SO, in ash, 7.25%, 
of the mucilage on the moisture-free basis, 
respectively. 

Partial Methanolysis.—The mucilage (20.0 ¢., 
moisture 11.32%) was suspended in 0.5% methanolic 
hydrogen chloride (200cc.). After being left over- 
night at room temperature, the suspension was 
heated under reflux for two hours and filtered. 
The filtrate was neutralized with silver carbonate, 
refiltered, and concentrated to a sirup(A). The 
insoluble material (5.2 g.), which had escaped 
the first methanolysis, was again subjected to 
methanolysis in a similar manner. An insoluble 
material (2.5g.) and a sirup (B) were obtained, re- 
spectively. 

The sirups A and B were combined, dissolved 
in a 0.3N barium hydroxide solution (300 cc.), and 
saponified at 60° for two hours. Excess barium 
hydroxide was removed by neutralization with 
carbon dioxide and filtration, and the filtrate was 


concentrated to a sirup; yield 17.0g.; [a]j)+17.7 


(c 1.13). It was dissolved in water (200 cc.) and 
passed through a column of Amberlite IR-120 
(200 cc.) to remove cations and then through a 
column of Amberlite IR-4B (250 cc.), where anions 
were absorbed. The resins were thoroughly 
washed with water, and the neutral effluent and 


13) C. Araki, This Bulletin, 29, 543 (1956). 
14) S. Hirase, C. Araki and S. Nakanishi, This Bul- 
letin, 26, 183 (1953). 
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washings were combined and concentrated to a 
sirup; yield 9.0g., [a]j,+29.3°. Paper chromato- 


graphic examination revealed two distinct spots 
having respective R¢ values 0.67 and 0.34. 

Meanwhile, anions, which were retained by the 
IR-4B resin, were displaced from the resin by 
stirring it for fifteen minutes with excess 2N 
sulfuric acid under ice-cooling. After filtration 
the resin was washed with water (1/.). The 
combined filtrate and washings were immediately 
neutralized with saturated barium hydroxide 
solution and filtered. Evaporation gave crystals 
of barium monomethylsulfate dihydrates; yield 
7.8g. No evidence was obtained to suggest the 
presence of uronic acid derivatives and other 
organic acids. 

Chromatography of the Deionized Methanol y- 
sate.—The deionized methanolysate (9.0g.), dis- 
solved in water (200cc.), was placed on a column 
(5.0x 26cm.) of active carbon Shirasagi!>)-Celite 
(4:3 by weight), and developed successively with 
water, 5%, 10%, 15% and 30% ethanol at room 
temperature (10-12°), according to Whistler and 
Durso'™). The effluent was grouped into six 
fractions containing polarimetrically and chromato- 
graphically identical materials. Table I shows 
the yields and properties of the fractions obtained. 

Fraction I was rechromatographed on a column 
(2.5x30cm.) of powdered filter paper, n-butanol- 
water (6:1 by volume) being used as a mobile 
phase until the components showing Rg¢ values 
0.67 and G34 were successively removed from the 


column. The column was then washed with 80%’ 


methanol (300cc.). The eluates were separately 
evaporated to dryness, and three fractions Ia, 
Ib and Ic were obtained (Table II). 


TABLE I 
CHARCOAL CHROMATOGRAPHY OF THE 
DEIONIZED METHANOLYSATE OF THE 
CHONDRUS MUCILAGE 
Fraction Elutedby Yield,g. [e]p R¢ value 
I W (6/.) 13 +64.9 0.34, 0.67 
II 5%-E (0.7/.) 0.7 +19.3 0.34, 0.67 
III 5%-E (121.) 5.1 +18.1 0.34 
IV 10%-E (6/.) 0.6 —36.2 0.34 
V  15%-E (51.) 0.4 +55.0 0.26 
VI 30%-E (5/.) 0.7 =+60.0 0.18 
W: water; E: ethanol. 

TABLE II 
RECHROMATOGRAPHY OF FRACTIONS I AND II 
Fraction Yield g. [e]p OCH;% Re value 
la 0. 37 + 26.0 28. 2 0. 67 
Ib 0. 36 + 22.0 16.9 0. 34 
Ic 0.54 +105. 0 15.8 0. 31* 
Ila 0.09 + 27.0 28.6 0. 67 
IIb 0.61 +21.0 16.9 0.34 


* The spot was located by a lead tetra- 
acetate reagent!”>. 





15) Product of Takeda Pharmaceutical Industries, Ltd., 
Osaka. 

16) R.L. Whistler and D.F. Durso, J. Am. Chem. Soc., 
72, 677 (1950). 

17) j.G. Buchanan, C.A. Dekker and A.G. Long, J. 
Chem. Soc., 1950, 3162. 





Fraction II was also rechromatographed in the 
same way as above, giving two fractions Ila and 
IIb. In this case, the 80% methanolic eluate left 
no material on evaporation. 

Fractions III and IV were chromatographically 
pure, and respectively treated in the manner 
described later. Fractions V and VI are not 
treated in this communication. 

3, 6-Anhydro-D-galactose Dimethylacetal.— 
Data listed in Table II indicate that fractions Ia 
and Ila, obtained as colorless sirups, are 3, 6-anhy- 
dro-p-galactose dimethylacetal. It was hydrolysed 
with 0.02 N sulfuric acid in a boiling water bath 
for two hours, producing 3, 6-anhydro-D-galactose, 
[a]}9+21.3° (c, 0.75), which was then converted 
into the diphenylhydrazone in the usual manner") ; 
m.p. 153-155°; [a]jj + 34.5° (initial) —~ + 23.6° 
(after twenty-four hours, methanol, c, 0.55). 
Accepted values’) for 3,6-anhydro-D-galactose 
diphenylhydrazone are m.p. 154° and [a]p+23.9 
(after twenty-four hours, methanol). 

Anal. Found: C, 65.68; H, 6.25; N, 8.11. Calcd. 
for C,sH2O4Ne: C, 65.82; H, 6.14; N, 8.34%. 

Methyl D-Galactoside.—Fraction Ic, a sirup, 
was a mixture of a- and f-forms of methyl D- 
galactoside, from which the a-form was crystal- 
lized as monohydrates from ethanol-ethy] acetate ; 


yield 0.21g., m.p. and mixed m.p. 109°; [a]|§+ 
175° (c, 1.00). The mother liquor was concentrated 


and subsequently hydrolysed with N sulfuric acid, 
affording D-galactose only; m.p. and mixed m.p. 


165°; [a]}\$+80.4° (c, 0.51). 


Methyl 4-Carrabioside(II).—Fraction IV cry- 
stallized spontaneously. Recrystallization twice 
from ethanol-acetone afforded monohydrates of 


II; needles; m.p. 136-138°; [a]{,—78.6° (c, 0.70). 


Anal. Found: C, 43.56; H, 6.60; OCH, 8.76. 
Calcd. for C,;2H;9O9(/O0CH;)-H2O0: C, 43.81; H, 6.79; 
OCH;, 8.70%. 

It migrated at the same rate as carrabiose 
dimethylacetal on a paper chromatogram. Since 
the fraction IV produced a single spot on a paper 
chromatogram, it has been considered that the 
fraction is a mixture composed of the dimethyl- 
acetal (0.18g.) and the methyl glycoside (0.42 g.), 
the proportion being calculated from the values 
of a specific rotation. 

Conversion of Methyl (f-Carrabioside into 
the Dimethylacetal(III).—Methyl §-carrabioside 
monohydrate (0.15 g.) in 0.5% methanolic hydrogen 
chloride (15cc.) was heated under reflux. The 
specific rotation of the solution was rapidly changed 
from the initial value —76° to a constant value 
+30° after thirty minutes. The solution was 
neutralized with silver carbonate, filtered and 
evaporated to dryness. Carrabiose dimethylacetal 
was obtained as an amorphous powder; yield 


0.15 g., [a]}5+26.4° (c, 0.34); OCH:, found: 17.02% 
(calcd. for C;2H2yO9-(OCH3)2: 16.74%). 


18) C. Araki and K. Arai, Collected Papers for the 
Celebration of the 45th Anniversary of the Founding of 
Kyoto Technical College, 24 (1948). 
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For identification, the dimethylacetal was con- 
verted into its hexa-acetate, m. p. 147-149°, [a]j° 


-16.0° (benzene, c, 1.00). Its m.p. was not de- 
pressed on admixture with the sample described 
below. 

Hexa-O-acetyl-carrabiose Dimethylacetal VI). 
—Fractions Ib, IIb and III, having the same 
properties, were combined and purified by dis- 
‘solution in absolute ethanol and filtration. Evapo- 
ration afforded carrabiose dimethylacetal in an 
amorphous condition; yield 6.0g.; [a@]j}+19.0° (c, 
1.00); OCH;, found: 16.58 (calcd. for C,2H2»Oo9 
4{OCH3)2: 16.74%). 

It was then dissolved in pyridine (30cc.) and 
acetylated with acetic anhydride (60cc.) at room 
temperature for two days. The reaction mixture 
was poured into ice-water with stirring, and the 
crystals deposited were filtered, washed with 
water, and dried in vacuo; yield 9.0g. Two 


recrystallizations from ethanol-water gave pure 
16 


needles of VI; m. p. 147-149°; [a]}; —16.3° (benzene, 
c, 1.23); +0° (chloroform, c, 1.22). 

Anal. Found: C, 50.42; H, 6.19; CH:;CO, 41.41; 
OCH;, 9.92%; M. W. (Rast), 620. Calcd. for 
Cy2H;4Oo(CH,CO)s(OCH:)2: C, 50.16 ; H, 6.15 ; CH,CO, 
41.49; OCH, 9.96% ; M.W., 622. 

Saponification of Hexa-O-acetyl-carrabiose 
Dimethylacetal.—The hexa-acetate(VI) (5.0¢.) 
was suspended in absolute methanol (20cc.), and 
a sodium methoxide solution (5cc.), prepared by 
dissolving metallic sodium (0.2g.) in absolute 
methanol (25cc.), was added. The crystals of 
the acetate were soon dissolved. After being left 
overnight, the solution was carefully neutralized 
with dilute acetic acid, deionized with ion exchange 
resins, and evaporated to dryness. Carrabiose 
dimethylacetal (III) was obtained as a hygroscopic 
amorphous powder, which could not be crystal- 
lized; yield 3.0g.; [a]j} +25.0° (c, 1.32), +28.0° 
(methanol, c, 1.42); OCH;, found: 16.69% (calcd. 
for C,2H2O9(OCH3)2: 16.74%). It migrated on a 
paper chromatogram at the same rate as agaro- 
biose dimethylacetal (Rf, 0.34). 

Carrabiose(I).—The dimethylacetal (1.0 g.), ob- 
tained by saponification of the acetate, was hydro- 
lysed with a 0.02 N oxalic acid solution (50 cc.) in 
a boiling water bath until the optical rotation of 
the solution reached a constant value: [a]p +25.0° 
initial); +11.0° (0.5 and 1.0 hour); +12.5° (1.5 
hour); +14.0°(2.0 and 2.5 hours). The solution was 
neutralized with calcium carbonate, filtered, and 
concentrated to a sirup, which was purified by 
dissolution in absolute methanol and filtration. 
Evaporation gave carrabiose as an amorphous 
material; yield 0.8g., [a]j} +15.6° (an equilibrium 
value, c, 1.28). It slowly reduced a Fehling’s 
solution at room temperature, showed a strong 
Seliwanoff’s reaction, and restored the color to a 
Schiff’s reagent. The last observation suggests 
that the sugar seems to exist in an aldehyde 
form. 

Phenylosazone.—The above disaccharide (0.5 g.) 
was dissolved in water (10cc.) and phenylhydra- 


zine (0.5g.) and 50% aqueous acetic acid (1 cc.) 
were added. The mixture was heated in a boil- 
ing water bath for thirty minutes, at which time 
oily precipitates were removed by decantation. 
Additional phenylhydrazine (0.3g.) was added to 
the supernatant, and the solution was again heated 
for one anda half hours. On cooling it deposited 
yellow precipitates, which were filtered, washed 
with cold ethanol, and recrystallized three times 
from aqueous ethanol. The osazone was obtained 
as yellow needles in a poor yield; m.p. 216°; 
[a]j$ +46.0° (no mutarotation) in pyridine-ethanol 
(2:3) (c, 0.50). 

Anal. Found: N, 11.24. Calcd. for Cz,HzOgN,: 
N, 11.15%. 

Methanolysis of Carrabiose Dimethylacetal. 
Carrabiose dimethylacetal (1.0g.), obtained by 
saponification of the acetate, was dissolved in 3% 
methanolic hydrogen chloride (30cc.) and the 
solution was boiled until the optical rotation of 
the solution reached a constant value after fifteen 
hours ([@]p +30° —~» +70°). It was neutralized 
with silver carbonate, filtered and concentrated. 
The residual sirup (0.9g.) was chromatographed 
on a column of powdered filter paper in a manner 
similar to the separation of the fraction I of the 
charcoal chromatography. The following two pro- 
ducts were obtained and identified in the same 
manner as already described: 3,6-anhydro-D- 
galactose dimethylacetal (0.45g.), [a]j} +29.7° (c, 

wm 


0.64) and methyl a,-pD-galactoside (0.45 g.), [@];, 
+100° (c, 0.50). 

Hexa-O-methyl-carrabiose Dimethylacetal 
(VII).—The hexa-acetate (VI) (2.1 g.) in acetone- 
water (3:1, 20 cc.) was treated with dimethylsulfate 
(50 cc.) and a 30% potassium hydroxide solution 
(90 cc.) at 30° over two days. The product (1.5g., 
OCH; 47.2%), which was isolated by extraction 
with chloroform and subsequent evaporation of 
the extract, was further methylated with methyl 
iodide (20 g.) and silver oxide (10 g.) twice in the 
usual manner. VII was obtained as a slightly 


colored sirup; yield 1.4g.; [a]}} +25.0° (c, 0.80), 


+6.9° (chloroform, c, 0.87); OCH;, found: 53.67% 
(calcd. for Ci2H;,O3(OCH3)s: 54.63%). 


Methanolysis of Hexa-O-methyl-carrabiose 
Dimethylacetal. — Hexa-O-methylcarrabiose _ di- 
methylacetal (1.3g.) in 3% methanolic hydrogen 
chloride (30 cc.) was boiled for fifteen hours, when 
the optical rotation of the solution became constant 
([a]p+17.5°— +75.0°). The solution was neutraliz- 
ed with silver carbonate, filtered and concentrated 
to a sirup; yield 1.3g.; [a]j$ +73.7° (c, 0.95). This 
sirup proved to be a mixture of methyl 2,3, 4,6- 
tetra-O-methyl-p-galactoside (VIII) and 2,5-di-O- 
methy]l-3, 6-anhydro-D-galactose dimethylacetal(IX). 
The separation was effected by the selective 
hydrolysis and subsequent solvent fractionation 
as described below. 

Methyl 2, 3, 4, 6-Tetra-O-methyl-D-galacto- 
side (VIII). — The above mixture (1.3g.) in a 
0.02 N oxalic acid solution (20cc.) was heated ina 
boiling water bath for two hours. With this 
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treatment, only the anhydro-sugar derivative(IX) 
was hydrolysed to give the corresponding reducing 
sugar. Then the solution was neutralized with 
calcium carbonate, filtered and evaporated to 
dryness. Extraction with warm petroleum ether 
followed by evaporation afforded VIII as a mobile 
sirup; yield 0.60 g.; m7 1.4481 ; [@]}§ +111.8° (c,1.10) ; 
OCH;, found: 60.17% (calcd. for CsH7O(OCHs3);: 
62.05%). The petroleum ether-insoluble residue 
was kept aside. 

2, 3, 4, 6-Tetra-O-methyl-D-galactose. — The 
methylated galactoside (0.50g.), obtained above, 
was hydrolysed with N-sulfuric acid for four hours 
in the usual manner. 2,3, 4,6-Tetra-O-methyl-pD- 
galactose was obtained as a colorless sirup; yield 
0.40 g.; nj} 1.4613; [a] {3 +108.2° (an equilibrium 
value, c, 0.98); OCH;, found: 52.28% (calcd. for 
CsHsO2(OCH3),: 52.56%.). 

For identification, it was. converted into an 
anilide in the usual manner; m.p. and mixed m.p. 


193°; [a]j) —85.4° (acetone, an initial value, c, 0.41). 


2, 5-Di-O-methyl-3, 6-anhydro-D-galactose. 
—The petroleum ether-insoluble residue, separated 
from VIII, was shown to be 2, 5-di-O-methy]l-3, 6- 
anhydro-D-galactose on solvent removal; a color- 
less sirup; yield 0.55g.: mj} 1.4758; [a]\} + 28.8° 
(an equilibrium value, c, 0.59) ; OCH, found : 33.08% 
(calcd. for CgsHs03(OCH3)2: 32.60%). It reduced a 
cold Fehling’s solution, showed a strong Seliwan- 
off’s reaction, and restored the color to a Schiff’s 
reagent. ‘ 

2, 5-Di-O-methyl1- 3, 6-anhydro-D-galactonic 
Acid.—2, 5- Di-O- methy1-3, 6-anhydro-D-galactose 
40.45 g.) in water (15 cc.) was oxidized with bromine 
{0.5cc.) in the usual manner, affording 2, 5-di-O- 
methy]l-3, 6-anhydro-p-galactonic acid (0.35g.), which 
was twice recrystallized from ethyl acetate; m.p. 
161°; [@]}} +62.5° (c, 0.64). Recorded values for 


its enanthiomorph are m. p. 161° and [@]p —54.3°%), 
—58.6°9) and —65°!, 


Anal. Found: C, 46.23; H, 6.67; OCH;, 29.91. 
Calcd. for CsHs0,(OCH3)2: C, 46.61; H, 6.84; OCH, 
30.07%. 

Amide: The acid obtained above was converted 
into the amide through its methyl ester in the 
usual manner; m.p. 172° (from methanol-ether) ; 


[a] +72.0° (c, 1.00). 
enanthiomorh are m.p. 172°!2,% and 173°2, and 
[a]p —64.8°!2>, —67.0°20 and —75.7°22). 

Anal. Found: N, 6.55; OCH;, 30.12. Caled. for 
CsH;;0;N: N, 6.82; OCH3, 30.22%. 


Recorded values for its 


Summary 


1. The mucilage of Chondrus ocellatus 
Holmes has been investigated by the partial 
methanolysis method. 

2. A new disaccharide, the structure of 
which is shown to be 4-O-$-p-galactopyranosyl- 
3, 6-anhydro-p-galactose, has been isolated in 
the form of its dimethylacetal and methyl 
B8-glycoside in a good yield’ 

3. The disaccharide has been named car- 
rabiose. 

4. It has been suggested that 1—3’ linked 
carrabiose represents the repeating unit for 
the most part of the carbohydrate of the 
Chondrus mucilage. 


The authours wish to express their hearty 
thanks to Mr. T. Ito for his assistance in 
this study and to Mr. K. Arai for the micro- 
analysis. 
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19) E.G.V. Percival and T.G.H. Thompson, J. Chem. 
Soc., 1942, 750. 

20) W.G.M. Jones and S. Peat, J. Chem. Soc., 1942, 
225. 
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Mikroanalyse mit Hilfe von Ionenaustauschharzen. VII. Uber den 
Nachweis spurweise vorhandenes Eisens(III) mit dret Arten der Phenol- 
derivate, d.h., Tiron, Sulfosalicylsaure und Chromotropsaurem Natrium» 


Von Masatoshi FujIMoTo 


(Eingegangen am 24. April, 1956) 





Einleitung 


In neutraler oder schwach saurer wdasseriger 
Lésung liefern die meisten Phenole mit Eisen- 
(III)salzen insbesondere mit Eisen(III)chlorid 
intensive Fiarbungen, die je nach der 
Natur des Phenols oft in ihren Ténen ganz 
verschieden sind. Beispielsweise ist es wohl 
schon lange bekannt, dass das Phenol oder 
die Salicylsiure durch Einwirkung des Eisen- 
(III)chlorides sich bedeutend charakteristisch 
violett farbt. Diese Farbungen riihren von 
der Bildung der Chelatverbindungen zwischen 


Unter geeignetem pH-Wert von der Probe- 
lésung, geben die obenerwdhnten Phenol- 
derivate mit Ejisen(III)salzen sehr stabile 
Chelatverbindungen, die nicht nur sich sehr 
intensiv farben, sondern auch sich stark an 
ihrer Sulfongruppe dissoziieren. Wenn man 
daher in die obige Lésung farblose Anionen- 
austauschharze eintaucht, so werden die oben- 
genannten sich intensiv farbenden Chelat- 
anionen stark in die Harzphase adsorbiert 
und infolgedessen farben sich diese Phase 
entschieden stadrker als die Farbung der 
Lésungsphase: 





SO; O SO; 
| ! , ‘d 
pO. 4s OC /S0; /O-< \ 
om Saf I ee R;| Fe 
R;| Fe | R;| Fe ; \o- 
‘O7\/ SO; ‘On, a 
H ; H $03/ 
III. ¥. 
violett orange grasgriin 


den Phenolen und Eisen(III)salzen her und 
dienen hiufig zum Nachweis der betreffenden 
Phenole. 

Bei der vorliegenden Mitteilung wurden 
folgende drei Sulfonsdurederivate der Phenole, 
nimlich, Tiron (Brenzkatechin-3, 5-disulfon- 
saures Natrium), (I), Sulfosalicylsdure, (II), 
und Chromotropsaures Natrium (1, 8-Dioxy- 
naphthalin-3, 6-disulfonsaures Natrium), (III), 
als Vertreter solcher fiir den Nachweis des 
Eisens(III) anwendbaren Phenole ausgewahlt : 


OH OH 
i 1 
J /OH ~COOH 
| | | 
NaOQ;S7\/ “SO;Na \Q 
SO;H 
I. II. 
farblos farblos 
HO OH 
1 I 
an. J~ 


ht 
Na0O;S/\/ JZ P ‘SO;Na 
III. 
hellgelb 


1) Die sechste Mitteilung: M. Fujimoto, Dieses Bul- 
letin, 29, 600 (1956). 


Infolge der Zunahme des Anionenvolumens. 


durch Chelatbildung, wird hierbei die Aus- 
tauschselektivitat fiir die Harze von den 
Chelatanionen im Vergleich mit der von den 
betreffenden Reagensanionen sichtlich groésser. 


Man konnte daher durch einfache Anwend- 
ung starkbasischer Anionenaustauschharze 
eine ausserordentlich empfindliche sowie 
selektive Nachweismethode folgendermassen 
vollkommen feststellen, wobei durch ausfiihr- 
liche Gegeniiberstellungen der genannten 
drei Arten der Reagenzien zahlreiche interes- 
sante Ergebnisse erhalten wurden. 


Die in gegenwartiger Untersuchung 
benutzten Anionenaustauschharze 


Folgende vier Arten der Anionenaustauschharze 
wurden zum gegenwartigen Zwecke verwandt: 

Dowex 1-X1: Ein kdufliches farbloses sowie 
starkbasisches Harz von quartédrem Ammonium- 
typus, das aus Styrol und Divinylbenzol darge- 
stellt wird und dessen Divinylbenzolgehalt etwa 
einprozentig ist. Die Korngrésse ist ungefahr 50 
Maschen von Tylerschem Normalsieb. 

Dowex 1-X8: Ein ebenso starkbasisches und 
farbloses Harz wie Dowex 1-X1, dessen Divinyl- 
benzolgehalt jedoch achtprozentig ist. Die Korn- 
grésse ist 50 bis 100 Maschen. 


NN 
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Amberlite XE-114: Ein hellgelbes mittelstark- 
basisches Harz, dessen Korngrésse etwa 30 
Maschen ist. 

Amberlite IR-45: Ein hellgelbes schwach- 
basisches Harz, dessen Korngrésse ungefahr 50 
Maschen ist. 

Alle diese wurden vor dem Gebrauch durch 
zweimaliges Durchlaufen der 0.5N Salzsdure und 
des destillierten Wassers in die RCl-Form vdllig 
uibergefiihrt. 


Versuchsanordnung 


Auf eine weisse Tiipfelplatte bringt man einige 
K6rnchen des Anionenaustauschharzes sowie einen 
Tropfen der Reagenslésung, und rihrt sie mit 
einem kleinen Glasstab véllig um. Nach einigen 
Minuten langem Stehen fiigt man nacheinander 
einen Tropfen der Probelésung und, um den pH- 
Wert der Versuchslésung sowie der Harzphase am 
geeignetsten zu regulieren, einige Tropfen der 
Pufferlésung dazu. Mit Hilfe einer Lupe _ be- 
obachtet man die in der Harzphase entstandene 
Farbung, die je nach dem ausgewdhlten Reagens 
charakteristisch ist. 


Massfliissigkeit und Reagenzien 


1. Massfliissigkeit.—Eine Reihe der Mass- 
fliissigkeiten von Eisen(III) wurde aus der 0.1 N- 
salzsauren Lésung des Eisen(III)chlorides, deren 
lccm 10.00+0.03 mg von Eisen(III) enthielt,2> durch 
Verdiinnung mit extrareiner 0.1N Salzsdure 
hergestellt. 

2. Lésungen der Reagenzien.—Als Stamm- 
l6sungen der extrareinen Reagenzien wurden 
die folgenden vorbereitet: 

(1) Vierprozentige wdsserige L6sung des Tirons. 

(2) Vierprozentige wdsserige Lésung der Sulfo- 
salicylsdure. 

(3) Einprozentige wasserige Lésung des Chromo- 
tropsauren Natriums. 

3. Pufferlésungen®).—Um die Wasserstoff- 
ionenaktivitat von der Versuchslésung beliebig zu 
regulieren, wurden folgende drei Arten der Puffer- 
gemische angewandt: 

(1) Eine Pufferlésung, deren pH-Wert genau 
2.86 ist, wurde durch Versetzung der 0.2 M Natron- 
lauge mit geringem Uberschusse der 0.2M 
wdsserigen Lésung der Monochloressigsdure her- 
gestellt. 

(2) Eine Pufferlé6sung, deren pH-Wert genau 
4.70 ist, wurde durch Versetzung der 1.0 Mm Essig- 
sdure mit gleichem Teil der 1.0M wédsserigen 
Lésung des Ammoniumacetats hergestellt. 

(3) Eine Pufferlésung, deren pH-Wert genau 
9.9 ist, wurde durch Vermengung von 4 Teilen 
des 0.1M Ammoniakwassers mit 1 Teil der 0.1M 
wdsserigen Lésung des Ammoniumchlorids her- 
gestellt. 





2) Die Menge des in der Massflissigkeit vorhandenen 
Eisens(III) wurde gravimetrisch als Eisen(III)oxyd 
(Fe2O3) genau bestimmt. 

3) Die pH-Werte der obengenannten Puffergemische 
wurden mit einer Glaselektrode gegen Kalomelelektrode 
durch Null-Methode potentiometrisch bestimmt. 
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Bestimmung der Bedingungen héchster 
Empfindlichkeit 


Die Experimentalbedingungen héchster Emp- 
findlichkeit wurden zuerst fiir Tiron besonders 
sorgfaltig bestimmt, und danach wurden mit Hilfe 
von deren Resultaten die fiir Sulfosalicylsdure 
oder Chromotropsaures Natrium’ geeignetsten 
Bedingungen verhidltnismiassig einfach angeleitet. 
Die Resultate der so ausgefitihrten Untersuchungen 
werden wie unten gegeben: 


(I) Tiron 


Neuerdings haben Joe und Armstrong vom 
Standpunkt der kolorimetrischen Bestimmung des 
Eisens(III) tiber die Chelatbildung zwischen Tiron 
und Eisen(III)salzen mitgeteilt, dass, wenn der 
pH-Wert von der Versuchslésung gegen 4.7 liegt, 
so farbt sich die Lésung deshalb am starksten, 
weil beim genannten pH-Wert das betreffende 
Komplexgleichgewicht fiir die Bildung des 
Eisen(III)chelates am giinstigsten liegt. UOberdies 
handelt es sich darum, dass wegen grésseres 
Ionenvolumens die Diffusionsgeschwindigkeit 
genannter Chelatanionen entschieden niedriger 
werde. Daher hat der Verfasser erstens mit 
Dowex 1-X1 (RCI) und der Pufferlésung von pH 
4.7 verschiedene Experimentalbedingungen mit- 
einander nadher verglichen. Die Resultate dafiir 
stehen in Abb. 1 und Tabelle I: 





der Farbung 





>» Scheinbare Durchschnittsintensitit 


o 
| 


025 10 20 5 = 
—-» Zeit nach der Mischung (Min) 
Abb. 1. Vergleichung unter ver- 


schiedenen Bedingungen, mit Dowex 
1-X1 und einer Pufferlésung von pH 4.7, 
ausgefiihrter Versuche. 


Betrachtet man aus der Ergebnisse dieser Gegen- 
iiberstellung, so wadhlt man das Verfahren ,,I¢‘* 
oder das ,,In‘‘ als das, unter gegebenem pH-Wert 
und mit Dowex 1-X1 (RCI), am besten geeignete 
Verfahren aus. 


4) J.H. Joe und A.R. Armstrong, Economic Geology, 
48, 282 (1953). 

5) In bezug auf die in allen Abbildungen vorliegender 
Mitteilung angewandten halbquantitative Darstellungs- 
weise der scheinbaren Durchschnittsintensitat der Farbung 
von der Harzphase, vergleiche die dritte Mitteilung: M. 
Fujimoto, Dieses Bulletin, 29, 567 (1956). 
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TABELLE | 
VERSCHIEDENE EXPERIMENTALBEDINGUNGEN VON ABB. 1 
Nr. des Zeichen Ordnung der Versetzung von Reagenzien Bemerkungen tiber 
Experi- der und Probelésung Verfahren und 
ments Kurve 1. 2 3. 4. Resultate* 
Ta —O— RCI**—Nadelspitzmenge***—(2 Tage’ j—Probe- Puffer- a 
der 4vroz. Lsg. Isg.****#* = 197, ¥¥¥¥¥* 
des Tirons 
Ic --()-- RCl—Nadelspitzmenge—,10 Min)—Probelsg. Pufferlsg. a 
der 4proz. Lsg. 
des Tirons 
I¢ —O— RCl 1 Tropfen der—(2 Min)—Probelsg. Pufferlsg. 
0.1proz. Lsg. 
des Tirons 
li —o- RCl—Nadelspitzmenge—(4 Tage)—Probelsg. Pufferlsg. b 
der 4proz. Lsg. 
des Tirons 
Jj ---A--- 1 Tropfen der Probelsg. Pufferlsg.—\3 Min)—RCl 
0.1proz. Lsg. 
des Tirons 
In ---- RCI 1 Tropen der—(2 Min)—Probelsg. Pufferlsg 


~» Scheinbare Durchschnittsinte asitat 


Abb. 2. Einfluss der Pufferlésung von 


0.5proz. Lsg. 
des Tirons 


*a: Die Harzkérnchen wurden vorher im ganzen in die 4 prozentige Lésung des 
Tirons eingetaucht, um die Harze in die R-Tiron-Form tberzufthren 

b: Die vorher in die R-Tiron-Form tbergefiihrten Harzkérnchen wurden mit 
destilliertem Wasser vdéllig ausgewaschen. 

** Bei vorliegender Tabelle bedeutet ,,RCIl‘**‘ Dowex 1-X1 von RCl-Form. 

‘** Hierbei wurden die in die Reagenslésung eingetauchten Harzk6rnchen mit der 
Reagenslésung zusammen in eine Kapillarpipette aufgesogen. Diese wurde an ihrem oberen 
Ende mit dem Zeigefinger zugehalten und wurde dann an ihrer anderen Spitze auf die 
Vertiefung von der Tiipfelplatte leicht berihrt. Durch solches Verfahren konnte man sehr 
leicht die Nadelspitzmenge der Reagenslésung mit den Harzk6érnchen zusammen .auf die 
Sepeeipintte bringen. Die Nadelspitzmenge entspricht etwa 180T. 

** Zeitdauer nach dem Eintauchen der Harzk6rnchen in die Reagenslésung. 

* * Die hier benutzte Probelésung enthielt 0.27 von Eisen(III) (5 7/ccm). 
mee Der pH-Wert von der obengenannten Pufferlésung ist genau 4.70. 
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a2 > Zeit nach der Mischung (Min) 
—— > Zeit nach der Mischung (Min) Abb. 3. Einfluss cer Harzart auf die 
Resultate nach dem Verfahren _ ,,I¢‘‘, 


verschiedenen pH-Werten auf die Re- mit einer Pufferlésung von pH 4.7 aus- 


sultate nach dem Verfahren ,,I¢‘* mit geftihrter Versuche. 
Dowex 1-X1 durchgefiihrter Versuche: 

Die in Klammer beschriebene ist die Hierbei ist es besonders interessant, dass, wie 
Farbung der Harzphase bei gegebenem man durch Vergleichung der Kurven ,,I¢‘* und 


pH-Werte. der ,,Ij‘* leicht ersieht, die Differenz der Farb- 


é 


cL 


ae, iil act le 


setzung des Harzes und Reagenslésung usw. bzw. 0.5 prozentiger wdsseriger Lésung des 
hauptsdchlich herrihrt, nur geringfiigig ist. Tirons, riihrt sie mit einem kleinen Glasstab 

Zweitens hat der Verfasser versuchsweise die véllig um. Nach 2 oder 3 Minuten langem Stehen 
Einflisse verschiedenartiger Faktoren, d.h., pH- fiigt man dazu nacheinander einen Tropfen 
Wert der Versuchslésung, Harzart, Konzentration der Probelésung und zwei oder drei Tropfen 
der Reagenslésung, usw., gegeniibergestellt. Die der Pufferlésung von pH 4.7, welche aus 1 Teil 
Ergebnisse dieser Versuche werden in Abbildungen der 1.0m Essigsdure und 1 Teil 1.0 M wasseriger 


2, 3 und 4 zusammen dargestellt: 


—— 8r See 3 ro 

1 O.5proz. Reagenslsg. oO - = 3-52 oe . me 

= ee Rande oder iber dem Ganze der Harzkérnchen 

e ———— “ 

< 71 " entsteht **. 

v c’ mit 1 Tropfen der 

= 1 | vA ol ~~ I, 

=} J, vlpra. b ' 7 " 

“D 6| / Reagenslyy ‘it (II) Sulfosalicylsaure 

= y _— Nadel spit zmenge ‘etwa 1807) 

= xp ’ a a der 4prvz. Reagens|sg. Zur Bestimmung der fiir vorliegendes Reagens 

Z = am besten geeigneten Bedingungen wurden die im 

=2 vorhergehenden Abschnitt gewonnenen Resultate 

Eg mit Erfolg benutzt. Abb. 5 stellt die Gegenitiber- 

a Tiron ste!lung der wesent!ichen Experimentalb2dingungen 

ov & 
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Abb. 4. Einfluss der Konzentration des Se 2-7- 
Tirons auf die Farbungsintensitaét der = 2 : nome Ny ] 
Harzphase. SS 14 KX 
HE Pee —l 
Abschliessend wird das Verfahren ,, I¢ ** (eben- ‘ of. _ eee: = F 
° ; ot. rr: ° 25 = 
sowie das ,,In‘‘) als das fir Tiron geeignetste 925 10 20 50 
» > Y PT — -_ gals cena : 
Verfahren wie folgt vollkommen festgestellt: -» Zeit nach der Mischung (Min) 

..Man bringt auf eine weisse Tiipfelplatte Abb. 5. Vergleichung verschiedener Ex- 
einige K6rnchen starkbasisches sowie niedrig perimentalbedingun en fur  Sulfosali- 
vernetztes Anionenaustauschharzes von RCIl- cylsdure. 

TABELLE II 
VERSCHIEDENE EXPZRIMENTALBEDINGUNGEN VON ABB 
Nr. des Zeichen Ordnung der Versetzung von Reagenzien 
Experi- der und Probelésung Bemerkungen 
ments Kurve Ls .& . # 1, 
la —(Co— RC! 1 Tropfen der Probelsg. Pufferlsg. von a 
tproz. Lsg. der pH 2.86 
Sulfosalicylsdure 
Ib - - RC] 1 Tropfen der Probelsg. Pufferlsg. von b 
0.lproz. Lsg. der pH 2.86 
Sulfosalicylsdure 
I¢ —ll— RCI 1 Tropfen der Probelsg. Pufferlsg. von c 
0.lproz. Lsg. der pH 4.70 
Sulfosalicylsdure 
la —fh— RCI 1 Tropfen der Probelsg. Pufferlsg. von d 
0.lproz. Lsg. der pH 9.9 
Sulfosalicylsdure 
le EE RCI 1 Tropfen der Probelsg. Pufferlsg. von ( 
0.5proz. Lsg. der pH 4.70 
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ungsintensitat, die von der Ordnung der Ver- 
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Form wie Dowex 1-X1 und einen Tropfen 0.1- 































Lésung des Ammoniumacetats hergestellt wird. 
Etwa 10 Min nach der Mischung beobachtet man 


mit 1 Tropfén der mit einer Lupe eine violette Farbung, die am 








Sulfosalicylsadure 


a: Die Oberflache der Harzk6rnchen triiben sich weiss. 
6: Die Harzkornchen farben sich sehr hell violettbraun. 
c: Die Harzk6érnchen farben sich hell braunlich orange. 
d: Die Harzkérnchen werden kaum gefarbt. 
RCI bedeutet hierbei Dowex 1-X1 von RCIl-Form. 
Die hier benutzte Probelésung enthielt 0.27 von Ejisen(III) (5 7;cem) 
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dar, die man aus der ftir Tiron festgestellten 
Bedingungen leicht erwarten kann: 

Von dieser Abbildung aus betrachtet, ist ftir 
Sulfosalicylsdure anzunehmen, den Nachweis mit 
Dowex 1-X1 (RCl), 0.5 prozentiger wdsseriger Lés- 
ung des Reagens und der Pufferlésung von pH 4.7 
auszuftihren. 


(ml) Chromotropsaures Natrium 


Da auch hierbei die fir Tiron erhaltenen Ergeb- 
nisse zur Gegentberstellung verschiedener Ex- 
perimentalbedingungen anzuwenden ist, wurde 
das beste Verfahren, wie man in Abb. 6 wohl 


ersieht, verhdltnismdssig einfach  festgestelit. 
iS 
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—» Zeit nach der Mischung (Min) 


Abb. 6. Vergleichung verschiedener Ex- 
perimentalbedingungen fur Chromotrop- 
saures Natrium. 


Namlich, die Anwendung von Dowex 1-X1 (RCl).. 


lprozentiger wdsseriger Lésung des Reagens und 
dem Puffergemische von pH 4.7 ist wuinschenswert. 


Bestimmung der Erfassungsgrenze 


Die Abbildungen 7, 8 und 9 zeigen den Farbungs- 
verlauf der Harzphase, der unter den fir die 
betreffenden Reagenzien am besten geeigneten 
Bedingungen ftir verschiedene Eisen(III)menge 
erhalten wurde: 

Aus den obengenannten Kurven wurden die 
Erfassungsgrenze sowie die Grenzkonzentration 
fiir die betreffenden Reagenzien wie in der fol- 
genden Tabelle festgestellt: 


8- ; — 0.2¥ 







> Scheinbare Durchschnittsintensitiit 
der Farbung 








0-9-9 — 
025 10 20 


—-» Zeit nach der Mischung (Min) 


Abb. 7. Bestimmung der’ Erfassungs- 
grenze mit Tiron nach dem Verfahren 
wae” vou Abb. 1. 


TABELLE III 
VERSCHIEDENE EXPERIMENTALBEDINGUNGEN VON ABB. 6 


Nr. des Zeichen 
Experi- der 
ments Kurve i. oe 
Ia ---- RCI** 1 Tropfen der 
lproz. Lsg. des 
Chromotropsauren 
Natriums 
Ip —LA— RCI 1 Tropfen der 
lproz. Lsg. des 
Chromotropsauren 
Natriums 
I. —O— RCI 1 Tropfen der 
lproz. Lsg. des 
Chromotropsauren 
Natriums 
lq —O— RCI 1 Tropfen der 


0.1lproz. Lsg. des 


Chromotropsauren 


Natriums 


Ordnung der Versetzung von Reagenzien 
und Probelésung 


Bemerkungen* 


os 4, 

Probelsg.*** Pufferlsg. von a 
pH 4.70 

Probelsg. Pufferlsg. von b 
pH 2.86 

Probelsg. Pufferlsg. von c 
pH 9.9 

Probelsg. Pufferlsg. von a 
pH 4.70 


*qa: Die Harzk6érnchen farben sich dunkelgraugriin. 

b: Die Harzkérnchen farben sich hell fleischfarben. 

c: Die Harzkérnchen werden sehr intensiv braunviolett, wie man an der Kurve I. “*) 
(mit dem Zeichen, --©--, gezeigt) sieht, gefarbt, aber wegen der starkeren Dunkelrot- 
firbung vom Blindversuche nimmt die Nettunterscheidbarkeit der Farbung von den 


Harzkérnchen bis zur Kurve Ic ab. 


** RCI bedeutet bei vorliegender Tabelle Dowex 1-X1 von RCl-Form. 
*** Die hier benutzte Probelésung enthielt 0.27 von Eisen(III) (5 7/ccm). 
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TABELLE IV 
EINFLUSSE DER BEGLEITSTOFFE 
Menge Nachweis- 





; benutzter 2 i 
Begleit- votes mex Farbung der der bare Grenz- 7" 08 
stoffe a Reagens* Harzphase** Begleit- Eisen(III)- verhdltnis Bemerkungen* 
yP stoffe menge 
. tiefgelb 2 3 72.9) » Tis0. 05proz. 
TiOSO; . zitronengelb 2 q :2.6x , Tis0.05proz. 
scharlachrot K 2 76.5 , Tis0.03proz. 
Ze gelb ) 0.08 7 :8x« 102 » Vs0. 2proz. 
NH,VO; _m tiefgelb ) 0.47 21.610? a, VSO. 2proz. 
ic. tiefbraun 27 ee , V0. 1proz. 
: griinlich grau 360 7 0.0087 1:4.5«104 a 
CrillIl) KCr(SO,)2 S.  graulich hellblau 200 7 0.17 1:2 10% — 
C. grdulich hellgriin 320 7 0.047 1:8x 10° a,c 
as farblos 1.46 mg 0.008rF 1:1.8«10% _ 
MniIl) MnSO, S. farblos 1.2mg 0.077 1:1.7x104 - 
Cs hellgelbbraun 900 7 0.027 124.5510" 
TT. farblos 190 7 0.0087 1:2.4«10! d 
Co(II) Co(NO;)2 i farblos 155 T 0.07rT 1:2.2x10' ~ 
Gc. farblos 2107 0.027 Ll: LixlF e 
ie farblos 1.7 mg 0.0087 1:2.1x10° - 
Ni(II) NiCl, a farblos 1.2 mg 0.08 T 1:1.510! e 
&. farblos 1.8mg 0.02 7 1:9 104 — 
5% gelbgrtin 720 7 0.027 1:3.6x10# a 
Cu(IT) CuSO, a sehr hell gelb 5707 0.077 1:8x10* —— 
c. hellgriin 640 7 0.047 1:1.610 a 
ie farblos 320 r 0.0087 1:4x«104 
Zn(II) ZnSO, S. farblos 320 7 0.047 1:8x10* 
i. farblos 300 7 0.057 1:6«10' 
ie farblos 365 7 0.0087 1:4.6x104 
Cd(Il) CdSO, S. farblos ~° 290 7 0.07r 1:4.2x10? 
ee hellbraun 230 7 0.02 7 1:1.2~« 104 
i weiss 1.2 mg 0.027 =1:6x104 f 
Heg(II) HgCl. So. orangegelb 300 7 0.167 1 e' x 10 —— 
Gc. weiss 300 F 0.167 1:1.9x 10% ' 











es hellgelb 3.27 0.167 [2m a, Cr<0.01proz. 
Cr(VI) K.Cr207 Bs zitronengelb 2 0.27 cin Cr=0. 005proz. 
Cc. gelbbraun a 0.27 say a, Cr<0.005proz. 
; ‘Be grin 320 7 0.087 1:4x«10% a,g 
Y ee Ss. grun 100 7 0.47 1:1 10+ g 
Cc. grin 200 ¥ 0.27 le locke 4.2 
: * orangegelb 2.47 0.17 ‘3 4 <10 a, Mo<0. 006proz. 
Mo(VI) (NHy,)2MoO, S. hellgelb 247 0.17 1:2.4x10? Mo=x<0.06proz. 
C. tiefgelb 247 0.17 1:2.4< 10? a, Mos0. 06proz. 
4 sehr hell gelb 
W(VI) Na2.WO, ws grau 
chromgelb 
; orangerot 56 > : 2.810? @¢, US0.015proz. 
U(VI) UO.(CH;COO), 5. orange q 4 2 2 a, US0. 03proz. 
dunkelbraun T , 72.510? a, US0. 03proz. 
‘ ° farblos 
Sb(IIT) SbCl, S farblos 
Cc farblos 
oes farblos 23 T 0.008r 1:3x10' — 
Ge(IV) GeO, 3 farblos 23 7 0.047 1:6x10? --— 
Cc hellbraun 26 7 0.027 1:1.3x10 a 


farblos 


Sn(IV) SnCly wy farblos 
bradunlich gelb 
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Besleit-  yerbindungs 
typus 
Pbi(II) Pb(NO,)> 
Ba(II) BaCl, 
La(III) LaCl,* 
A\(IIT) AIC}, 
Be(II) BeCl, 
Ma(II) MgCl, 
F- KF 
HPO,;- Na,HPO, 
NO.- NaNO, 
Bro Bromwasser 
H,O> H.O»-wasser 
C30,2- Oxalsaures 
Ammonium 
C,H,O;?- Seignettesalz 
C;H;,0O7- Zitronensaures 


Ammonium 


ae 


eK 


Diese 


-Tiron; S. 


Reagens* 


Sy) 
Law | 


HOW 


QW OW 


) 
— 


Han 


HOW 


HOW 


HOW 


OD 


QOD” 


O44 


ONS 


, 
~ 


HOW 


HOW 


OG 
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Farbung der 
Harzphase* 


farblos 
farblos 
sehr hell braun 


farblos 
farblos 
hellbraun 


farblos 
farblos 
helibraunrosa 


hell gradulich 
farblos 
violettrot 
farblos ? 
farblos 
rosa 


farblos 
farblos 
hellbraun 


farblos 
farblos 
hellbraun 


farblos 
farblos 
dunkelrosa 
zitronengelb 
farblos 
gelbocker bzw. 
tiefbraunrot 
sehr hell gelb 
farblos 
schwarzrot 
farblos 
farblos 
fleischfarben 
farblos 
farblos 
hellorangebraun 
grau 
farblos 
hellbraun 


grau 
farblos 
hellbraun 


=Sulfosalicyisdure; C. 


Farbung der 


blau 


Harzphase 


treffende Begleitstoff in der Versuchs!6ésung vorhanden ist. 


#EEG : 


wird, ist das betreffende Grenzverhaltnis nutzbar. 


b: Die Harzphase farbt sich schwarzgrau. 


c: Mit Hilfe 


der am Rande 


farbung wird die Anwesenheit des Eisens(III) bestatigt. 


Menge Nachweis- 
der bare Grenz- 
Begleit- Eisen(III)- verhdltnis 
stoffe menge 
2.2mg 0.027 1:1.1«10° 
2.0 mg 0.047 1:5 16* 
2.2me¢ 0.027 43 LAO 
320 r 0.008r 1:1.4«10# 
320 r 0.047 1:3 10* 
200 r 0.02 T 1:1x10! 
190 7 0.0087 1:2.4x«10! 
190 7 0.047 1:4.8~x 10+ 
2107 0.027 1:1.1x«104 
767 0.027 1:3.8«10 
767 0.17 1:7.6x 10? 
307 0.16r 1:1.9x10? 
160 ¥ 0.027 1:8x103 
40 7 0.167 1:2.5> 16 
410 0.167 is Zh3oxX 
140 r 0.0087 1:1.8x10! 
140 7 0.047 133. 53¢ 10" 
155 7 0.027 1:7.8x« 10 
235 7 0.02 r 1:1.2%1¢° 
527 0.167 1:3.3x 102 
210 Tr 0.047 1:35.35 16 
7.7mg 0.008r 1:9.6«10° 
1.9mg 0.167 Ls Loe 
7.7mg 0.047 1:1.9x%1¢ 
3107 0.047 1:7.8~x 10% 
3107 0.047 1:7.8~x 10! 
20 7 0.17 1:2x10? a 
290 r 0.027 1: 1. 53< 20" 
160 7 0.17 1:1.6x 10+ 
160 7 ei7 1:1.6x 10% 
960 7 0.0087 1:1.2x10 
960 + 0.047 1:2.4x 10! 
1.1 mg 0.027 1:5.5x 10# 
900 * 0.02 r 1: 4.5104 
250 r 27 L<Lox le 
800 r 0.047 1: 2x 10° 
840 7 0.047 1:2.1«10# 
530 7 ee 135.5 1 
840 7 0.047 = 2.1K 30" 
1. 25 mg 0.047 Ee Be | 
800 r 2T 1: 4x10? 
800 TF 0.17 1:8 108 
-Chromotropsaures Natrium. 
von dem Faille, wo al 
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Bemerkungen** 


lein der be- 


Nur dann, wenn der Nachweis mit einem Blindversuche nebeneinander ausgefuirt 


der Harzk6rnchen insbesondere stark entstehenden Grin- 


d: Infolge gleichartiges Farbentons zwischen der Harzphase und der Lésungsphase nimmt 
die Reaktionsempfindlichkeit betrachtlich ab. 


e: Infolge des verschiedenen Farbentons der Harz- und Lésungsphase wird die Empfind- 
lichkeit der Nachweisreaktion stark vergr6éssert. 


f: Die Harzkérnchen triiben sich milchweiss. 
g: Nach der Reduktion des Chromates zum Chromi(III)salze durch gelindes Erhitzen mit 
einigen Tropfen dreissigprozentiges Wasserstoffperoxydes und verdtinnter Schwefelsdure 
wird der Nachweis ausgefiihrt. 


aK KH 


Die hier benutzte Lanthanchloridprobe enthielt eine 


chlorid (Nach der Privatmitteilung von Herrn Y. Suzuki). 


kleine 


Menge 


von Cer(III)- 


KH 
‘ 


| ec 


i, {LL a RF LL 
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— Zeit nach der Mischung (Min) 
Abb. 8. Bestimmung der Erfassungs- 
grenze mit Sulfosalicylsdure nach dem 
Verfahren ,, Ie ‘* von Abb. 5. 
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— >» Zeit nach der Mischung (Min) 
Abb. 9. Bestimmung der _ Erfassungs- 
grenze mit Chromotropsaurem Natrium 
nach dem Verfahren ,,Ia‘‘ von Abb. 6. 


; Erfassungs- Grenzkon- 
Reagens grenze zentration 
Tiron 0. 008 r 1:5 10 
Sulfosalicylsdure 0.04 Tr 1:1 10% 
Chromotropsaures 
Natrium 0.02 Tr 1:2x10° 


Einfliisse der Begleitstoffe 


Die Einflusse von fremden Ionen auf die 
vorliegenden drei Nachweisreaktionen wurden 
besonders ausfiihrlich untersucht. Die Resultate 
der Untersuchungen werden in Tabelle IV zusam- 
mengefasst, worin die an einem beliebigen Begleit- 
stoffe erhaltenen Ergebnisse auf einer Stelle 
gegenubergestellt werden, um drei Reagenzien 
miteinander direkt zu vergleichen: 

Wie man aus der genannten Tabeile deutlich 
erkennt, st6ren alle Elemente ausser den mit 
dicker Linie umgebenen kaum den Nachweis. 

Titan(IV)-, Antimon(III)-, Zinn(IV)- und Uranyl- 
salze, sowie Vanadate, Chromate, Molybdate und 
Wolframate geben der Harzphase sehr intensive 
Farbungen, die die Nachweisreaktion des Eisens- 
(III) betrachtlich st6ren. 

Unter den obengenannten Ionen wurden nur 
die Chromate durch gelindes Erhitzen mit einigen 
Tropfen konzentriertes Wasserstoffperoxydes 


Mikroanalyse mit Hilfe von 
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sowie verdiinnter Schwefelsdure in die Chrom(III)- 
salze sehr leicht iibergefiihrt, die den Nachweis 
kaum stéren. Jedoch die Stérung von Titan(lY}-. 
Antimon(III)-, Zinn(IV)- und Uranylsalzen konnte 
man nicht einfach beseitigen. Die Vanadate, 
Molybdate und Wolframate kann man vielleicht 
durch Anwendung von Mikrosdule des Anionen- 
austauschharzes®) verhdltnismassig einfach be- 
seitigen. 

Uberdies ist es sehr bemerkenswert, dass solche 
Anionen wie Fluoride, Oxalate, Tartrate, Citrate 
usw., die gewéhnlich manche Farbenreaktionen 
von Ejisen(III) stark stéren und demnach zur 
Maskierung der Eisen(III)reaktionen haufig be- 
nutzt werden, die hier verzeichneten Nachweis- 
reaktionen nur ein wenig stéren. 

Es ist tibrigens auch interessant, dass das 
Chromotropsaure Natrium, wie es so genannt 
ist, unter gegebenen Bedingungen durch Ein- 
wirkung von grosser Anzahl der Elemente in die 
Harzphase verschiedenartige sehr charakteristi- 
sche Farbungen liefert. 


Zusammenfassung 


1. Durch einfache Anwendung von farb- 
losen starkbasischen Anionenaustausch- 
harzen zu den Chelatbildungsreaktionen kann 
man verschiedenartige bedeutend empfindliche 
Nachweismethoden neu feststellen. Hier wird 
die Bildung der charakteristisch sich farben- 
den Chelatanionen, die die Eisen(III)salze 
durch Einwirkung der Phenolderivate, d. h., 
Tirons, Sulfosalicylsdure oder Chromotrop- 
saures Natriums sich bilden lassen, als die 
geeigneten Beispiele dafiir angewandt, und 
die ungewohnlich ausgezeichneten Nachweis- 
methoden fiir Eisen(III) werden vollkommen 
festgestellt. 

2. Die Experimentalbedingungen héchster 
Empfindlichkeit werden durch griindliche 
Untersuchung iiber die verschiedenartigen 
Faktoren, z. B., Harzart, Konzentration der 
Reagenslésung, pH-Wert der Versuchslésung 
usw., fest bestimmt (vgl. den Abschnitt: 
»liron“ von ,,Bestimmung der Bedingungen 
hochster Empfindlichkeit“). 

3. In bezug auf die Einfliisse von fremden 
Stoffen werden einunddreissig Arten der Ionen 
besonders ausfiihrlich untersucht. Titan(IV)-, 
Antimon(III)-, Zinn(IV)- und Uranylsalzen, 
sowie Vanadate, Chromate, Molybdate und 
Wolframate stéren betrachtlich den Nachweis. 
Ubrigens ist es sehr bemerkenswert, dass 
solche Anionen wie Fluoride, Oxalate, Tart- 
rate, Citrate usw., den Nachweis nur ein 
wenig storen. 


Zu besonders herzlichem Dank ist der Ver- 
fasser Herrn Prof. Dr. E. Minami sowie den 
jiingeren Fachgenossen an seinem Labora- 
torium verpflichtet fiir zahlreiche wertvolle 
Ratschlage und freundlichste Anregungen 
iiber die vorliegende Untersuchung. 


Laboratorium der analytischen Chemie, 
Chemisches Institut der wissenschaftlichen 
Fakultat, Tokyo Universitat, Tokyo 


6) Vgl. die fiinfte Mitteilung: M. Fujimoto, Dieses 
Bulletin, 29, 595 (1956). 
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Addition of Trichlorosilane to Styrene, 2 Vinylpyridine, Allylcyanide 
and Octene-1' 


By Shun’ichi NOZAKURA 


(Received April 10, 1956) 





It is a well-known fact that trichlorosilane 
is added to olefinic double bonds in the pre- 
sence of radical catalysts such as organic 
peroxides or ultraviolet light. In the previous 
papers the author has reported that in addi- 
tion to the typical radical catalysts, organic 
bases and nickel complex compounds could 
also effect the reaction. Thus, addition of 
trichlorosilane to acrylonitrile took place in 
the presence of organic bases (f-addition)? 
and of nickel complex compound (a@-addition)*. 
The reaction between trichlorosilane and 
acetylene (or vinyltrichlorosilane)* was also 
catalysed by tetrapyridine nickel (II) chl- 
ozide, and led to the formation of a mixture 
of two isomeric addition products, i.e., 1,1- 
and 1-2-di (trichlorosilyl) ethanes. 

The objectives of the work to be reported 
below are to study the effectiveness of such 
catalysts for the other vinyl compounds, and 
to establish the structures of the resulting 
addition products. 

Styrene, 2-vinylpyridine, allylcyanide, octene- 
1 were tried as the representatives of vinyl 
compounds. All the addition reactions were 
carried out in sealed glass tubes. The reac- 
tion conditions and results are summarized 
in Table I. 


Styrene.—Addition of trichlorosilane io 
styrene was attempted first by Burkhard” 
in the presence of peroxide, resulting in the 
formation of only a non-volatile telomeric 
product. Wagner and coworkers” succeded 
in the preparation of $-phenylethyltrichloro- 
silane by the reaction using platinized char- 
coal as the catalyst at 200°C. 

In the present work, when trichlorosilane 
and styrene were heated at 160°C in the pre- 
sence of pyridine, no addition product was 
obtained except for a non-volatile viscous 
polymer. But in the presence of tetrapvridine 
nickel chloride, about 30 percent of addition 
product was obtained accompanied with a 
considerable amount of non-volatile product. 
This non-volatile product may probably be a 
telomeric one taking into consideration the 
fact that it has a moderate chlorine content 
of 13 percent. 

The phenylethyltrichlorosilane thus _ ob- 
tained was methylated by methylmagnesium 
bromide and distilled fractionally into two 
components. These are the isomers of phenyl- 
ethyltrimethylsilane (Table II). Although the 
direct confirmation was not undertaken, the 
lower boiling isomer may be considered to 
be a-phenylethyltrimethylsilane by analogy 


TABLE I 
THE ADDITION REACTIONS BETWEEN TRICHLOROSILANE AND VINYL COMPOUNDS 
. 2-Vinyl- een "tene- 
Styrene pyridine Allyleyanide Octene-1 
HSiCl,, g. 16. 4 20. 4 20.5 20. 4 20.0 21.9 21.0 19.8 22.0 
Vinyl Compound, g. 18.1 17.2 16.0 11.1 10.9 11.1 11.4 16.4 18.2 
Catalyst, g. C;H;N, NiCl- — C,;H,N, (C2H;);N, NiChk- NiCl- C;sH,N, NiCl- 
0.1 4C;H;N, 0.2 0.1 C;sH,N, 4C;H;N, 0.1 1C;H.N, 
0.1 0.1 0.1 0.1 
Reaction Temp., °C 160 160 160 160 169 180-5 160 160 180 
Reaction time, hr. 5.0 4.2 5.0 7.2 5.0 5.3 1.5 4.6 7.0 
B.p. of the Product, _ 130-5 — 100-2 100-3 116-25 117-30 — 115-24 
°C (mmHg) (40) (27) (26) (41) (41) (24) 
Yield, %” 0 30» Farely 19 16 26 0 17 
good¢) 


a) Yields are based on trichlorosilane used. 


b) The chlorine content of the distillation residue was found to be 13%. 
c) The reaction product was a crystalline mass and was methylated directly. M.p. (ca. 164°) 
and b. p. (ca. 190° at 24mmHg) are measured with the sample obtained from the other run. 


1) Paper VII in a series on the study of organosilicon 
compounds. 

2) S. Nozakura and S. Konotsune, This Bulletin, 29, 
322 (1956). 

3) S. Nozakura and S. Konotsune, ibid., 29, 326 (1956). 


4 S. Nozakura, ibid., 29, 660 (1956). 

5 C.A. Burkhard and R.H, Krieble, /. Am. Chem. 
Soc., 69, 2687 (1947). 

6 Wagner et al., Ind. Eng. Chem., 45, 367 (1953). 
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TABLE II 
PHYSICAL AND ANALYTICAL DATA OF THE METHYRATED ADDITION PRODUCTS 

a-Trime- -Trime- 2-8-Trime- §-Trime- 1-Trime- : a : a! 
Compound thylsilyl-__thylsilyl- _thylsilyl- _thylsilyl- _ thylsilyl- he i 

ethylben- ethylben- ethyl- butyro- butyro- octyisilanea) octyisilane 

zene zene pyridine nitrile nitrile 

B.p. “C 103.0-4.5 112.0-2.2 106-7 91.0-2.5 97. 0-8. 0 99. 0-100. 0 107 
(mmHg) (32) (32) (21) (30) (30) (30) (29) 
Py 0. 8747 0. 8603 0. 8982 0. 8326 0. 8227 0. 7667 0. 7584 
n>} 1. 4958 1. 4851 1. 4843 1, 4292 1, 4258 1. 4308 1. 4241 
C%, Found 74.13 74. 44 —_— — —_ 71.37 70. 62 
Calcd. 74. 09 74.09 -- _— — 70. 86 70. 86 
H%, Found 10.12 10.12 _— — _ 13. 38 13.79 
Calcd. 10.18 10.18 —_ — — 14.05 14.05 
N%, Found a -- 8.09 9. 67 9.47 —- -- 
Calcd. -- — 7.82 9.92 9.02 — = 
Mol. Wt., 
Found 174 173 175 145 141 185 188 
Calcd. 178.3 178.3 179.3 141.3 141.3 186. 4 186. 4 
MRp, Found 59. 56 59. 41 57. 20 43.75 43. 45 62. 90 62.72 
Calcd. 59. 30 59. 30 56. 77 13.72 43.72 62. 69 62. 69 


a) This sample is considered to be somewhat impure. 


to the assignment of Wagner and coworkers, 
i.e., they assigned the lower boiling pheny!- 
ethyltrichlorosilane to be a@-isomer. 
2-Vinylpyridine.—The addition reaction be- 
tween trichlorosilane and 2-vinylpyridine took 
place very easily at about 160°C without the 
addition of any catalyst, but the product 
obtained is very difficult to be handled di- 
rectly because of 
The product, pyridylethyltrichlorosilane, has 
a high melting point and it is probably due 
to an intermolecular attractive force exerted 
between silicon atoms and nitrogen atoms. 

Pyridylethyltrichlorosilane is hydrolyzed by 
water giving a clear aqueous solution. When 
the solution is made alkaline by adding aque- 
ous ammonia, an amorphous precipitate ap- 
pears which is considered to be pyridylethyl- 
polysiloxane. And this polysiloxane dissolved 
again in dilute hydrochloric acid. 

The structure of the addition product was 
established by methylating it and comparing 
the resulting product with the sample which 
was synthesized by the other route from a- 
picoline in the following manner: 


its high hygroscopicity. ° 


The reaction in the presence of tetrapyri- 
dine nickel chloride was not attempted in 
this case. 

Since the reactant itself is a base, the re- 
action should be base-catalyzed one just as 
the cyanoethylation of trichlorosilane cata- 
lyzed by bases”. 

Allyleyanide.—The reactivity of trichloro- 
silane for allylcyanide was rather low in the 
presence of organic bases. The product may 
possibly be either one of two isomers, §- and 
Y-trichlorosilylbutylonitrile, or a mixture of 
them. The acid amide which was derived 
from the product has the melting point of 
95-6°C. The manners of conversion were as 
follows: 


Cl, SiCHCH.CN ee *85,(CH,),SiCHCH2CN 
| 


aq. KOH 
CH, CH; 
. men _ SOCl2 _ * . 
(CH,);SiCHCH,COOH 2 4(CH;);SiCHCH2COCI 
| 
| 
CH; CH; 
NHs _. (CH.)SiCHCH2CONH»2 m. p. 95-6°C 


CH; 


HSiCk+! | cH=CH,—>\ |-CH,CH,SICl, "5. _|-CHsCH,Si(CH;)s 
N N N 
2-8-Pyridylethyltri- 2-#-Pyridylethyl- 
chlorosilane trimethylsilane 
«7 CHs i COMA CHs)sSiCH2Cl 
Oe. > 2 
N N 


These two samples are proved to be identical 
in their infrared spectra, and moreover to 
give the same picrate. 


Since 7-trimethylsilylbutyric acid amide is 
known to have the melting point of 66.5- 
6.7°C.», the product here obtained must be 
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the other isomer, that is §-trichlorosilyl- 
butyronitrile. 

$-Trichlorosilylbutyronitrile gave on hy- 
drolysis the corresponding  polysiloxane, 
NCCH.CH(CH3)SiO;.5. 

In the presence of tetrapyridine nickel 
chloride, the yield of the addition product 
was somewhat higher than the corresponding 
one with the pyridine catalyst (Table I). 
However, the product showed a very wide 
range of boiling point, indicating that it con- 
tained more than one component. The pro- 
duct was methylated and fractionally distilled 
into two isomers (Table II). The structures 
of these isomers were established by con- 
verting them into the corresponding acid 
amides as follows and comparing them with 
the specimens formerly obtained by Sommer”: 


[Vol. 29, No. 7 


ing one could be assigned to be z-octyltri- 
methylsilane. Although the lower boiling 
fraction is considered to be mainly composed 
of sec-octyltrimethylsilane, its purity is rather 
doubtful considering from its analytical data 
and infrared spectrum, which showed unex- 
pected weak bands at 1622-©™- and 2116-©™-. 
Further purification may be necessary. 
General Conclusion.—The experimental re- 
sults of all these additional experiments are 
summarized in Table III including the results 
of the previous paper. The following con- 
clusions are deduced: (1) In the reactions 
between trichlorosilane and vinyl compounds, 
organic bases such as pyridine showed the 
catalytic action in some special cases (acryl- 
onitrile, allylcyanide, and 2-vinylpyridine). 
2-Vinylpyridine may be classified into this 


HSiCl,+CH2=CHCH2CN 
I 


| 
= 


| 
The lower boiling isomer 
(CH;);3SiCHCH2CN 
! 


: Ci. 
1 


{ 
(CH;)351 CHCH,CONH, 
| 
CH; 
8-Trimethylsilylbutyric acid amide 
m. p. 96. 0-6. 5°C 


Thus, the melting point of the acid amide 
derived from the higher boiling isomer is in 
good agreement with that of 7-trimethyl- 
silylbutyric acid amide reported by Sommer’””. 
Therefore, it is concluded that the lower 
boiling alternative may be #-trimethylsily]- 
butyronitrile and the higher one may be 7- 
isomer. 

Octene-1.—The reaction of trichlorosilane 
and octene-1 did not take place at all in the 
presence of catalytic amount of pyridine, but 
it took place to a small extent (17%) in the 
presence of tetrapyridine nickel chloride cata- 
lyst at 180°C (Table [). As the product ob- 
tained showed a rather wide range of boiling 
point, it was methylated as usual and was 
subjected to fractional distillation. Two iso- 
mers of trimethyloctylsilanes were isolated 
and their physical constants are listed in 
Table II. As the higher boiling one has the 
physical constants which coincide fairly well 
with those of m-octyltrimethylsilane described 
by Pietrusza and coworkers", the higher boil- 





7) L.H. Sommer, U.S.P., 2, 610, 198, Sept. 9 (1952); 
C.A., 47, 9346 b (1953). 

8) E.W. Pietrusza et al., J. Am. Chem. Soc., 70, 484 
1948). 


NiCl,-4C;H;N, Methylation 


| 
The higher boiling isomer 
(CH3)3SiCH2CH2C HCN 
! 


i 
| 


l 
(CH;),SiCH,CH»CH,CONH; 
7-Trimethylsilylbutyric acid amide 


m. p. 66°C 


group because of its own basicity. The 
orientation of the addition could be well ex- 
plained by the base-catalyzed ionic mechanism 
as follows: 


Cl,SiH +B > Cl,Si- + BH* 


C+ o~ a 
Cl,Si-+CH»=CHCN —> Cl,SiCH,JHCN 


Cl,SiCH2CH! 


Cy , j 
» +CH,=CH-| _ . 
‘N N 


x 
o— 


7” +CH, -CHCHLCN - — > Cl;SiCHCH2CN 
| 
CHs- 


Cc 


SSiCH,CHCN+BH* —+Cl,SiCH»sCH:CN+B 


Cl,SiCH,CH-. /~+BH*—~+Cl;SiCH2CH:-. ,+B 
“N N 
Cl,SiCHCH2CN+BH, —~ClL,SiCHCH2sCN+B 
| | 
CH,- CH, 


where B represents a base. 
(2) Tetrapyridine nickel chloride showed 
the catalytic action for all the compounds 


5 illest EC 





‘¥ 









, } Lacie Ne 





TABLE III 
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ADDITION OF TRICHLOROSILANE TO VINYL COMPOUNDS IN THE PRESENCE OF PYRIDINE 
OR TETRAPYRIDINE NICKEL(II) CHLORIDE 


Vinyl Compound 


Acrylonitrile 


2-Vinylpyridine 


Styrene 


Vinyltrichlorosilane 


Ci;SiCHCH2CN 
| 


Allyleyanide CH; 


Octene-1 


examined, and the addition products were 
found to be generally the mixtures of normal 
and branched compounds. 


Experimental 


The General Procedure for the Reaction be- 
tween Trichlorosilane and Vinylcompounds.— 
All the reactions were carried out in sealed glass 
tubes. Trich‘orosilane (b. p. 31.5-32.0°C), a vinyl 
compound, and catalyst were charged into a hard 
glass ampoule of about 100 ml. capacity which had 
been cooled in an ice salt bath, and the open end 
of the ampoule was seaied after the air had been 
replaced by dry nitrogen. Heating wascarried out 
in an electric furnace and the temperature was 
kept constant automatically within the range of 
of +3°C. After cooling the ampoule was opened, 
the content was washed out with dry benzene, 
and the catalyst was filtered. The unreacted 
starting material and the solvent in the filtrate 
was distilled under atmospheric pressure, and the 
product was distilled from a Claisen flask under 
reduced pressure. 

Mono- and tetra-pyridine nickel chlorides are 
pr°pared according to the method of Reizenstein”. 

luethylation of Phenylethyltrichlorosilane.— 
The products of two runs are combined and re- 


9 F. Reizenstein, Z. anorg. Chem 11, 254 |.896); 
18, 264 (1898). 





The Product in the 
Presence of Pyridine 


Cl,SiCHzCH2CN 


C1,SiCH.CH.-! 
‘N 


No addition 


No addition 


No addition 





The Product in the presence 
of NiCl.-4C;H;N 


Cl,SiCHCN 


CH, 


Not attempted 


CLSiCHeCH.-<« 
Cl,SiCH-¢ j 

CH; 
Cl,SiCH2CH,SiCl, 
Cl,SiCHSiCl, 

CH; 
Ci,SiCH2CH2CH,CN 
Cl,SiCHCH,CN 

CH, 


SiC H2C HeC3H;y 
Cl,SiCHC;H,, 


© 


CH, 


distilled, yielding 15.9g. of phenylethyltrichloro 
silane, b. p. 127—36°C (31.5 mmHg). 

Anal. Found: Cl, 44.2. Caled. for CsH SiCl,: 
Cl, 44.46%. 

Phenylethyltrichlorosilane (15.9g.) was methy- 
lated by treating with methylmagnesium bromide 
prepared from 5.8g. of magnesium. Phenylethy!l- 
trimethylsilane was then fractionally distilled 
through the Stedman column of about thirty 
theoretical plates. The following fractions were 
obtained at the pressure of 32mmHg: (1) b.p. 
102.5-3.0°C, 0.05g. (2) b.p. 103.0-4.5°, 2.6g. (3) 
104.5-5.5°, 2.6g. (4) b.p. 105.5-111.0°, 1.lg. (5) 
b.p. 111.0-112.0°, 0.6g. (6) 112.0-112.2°, 0.8g. (7) 
residue, 1.1 g. The physical and analytical data 
of fraction No. 2 and 6 are listed in Table II. 

2-3-Trichlorosilylethylpyridine and its Me- 
thylation.—2-8-Trichlorosilylethylpyridine which 
was obtained from trichlorosilane and 2-vinyl- 
pyridine* was purified by distillation in vacuum, 
b. p. ca. 190°C (24 mm.); m. p., ca. 164°C. Analysis 
was made by potentiometric titration using Beck- 
man Model G of an aqueous solution. An aqueous 
solution of 0.08085 g. of the sample in 20 ml. of 
water was titrated with 0.0966 N aqueous sodium 
hydroxide. Found for the neutralization point 
of 2Cl, 6.91 ml. (pH, 3.76) and for 3Cl, 10.43 ml. 
(pH, 7.70). Caled. for C;HsSiCl,, 6.95 and 10.43 
ml., respectively. 





* 2-Viaylpy:ijine was kindly supplied by M. Yoshida 


at Osaka Prefectural University. B.p. 82°(55 mmHg). 
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The product obtained from the reaction de- 
scribed in Table I was directly methylated as fol- 
lows: the crystalline mass of the crude 2--tri- 
chlorosilylethylpyridine and 50 ml. of ether were 
placed in a three necked flask equipped with a 
mercury-sealed stirrer, a dropping funnel, and a 
reflux condenser which was connected to a calcium 
chloride tube. The ethereal solution of methyl- 
magnesium bromide which was obtained from 
13.2 g. of magnesium was dropped into it through 
the funnel within about forty minutes so as to 
keep the solution gently refluxing. And then the 
refluxing was continued for four hours. After 
cooling, the reaction mixture was treated with 
ice-water and an excess of hydrochloric acid. The 
aqueous layer was separated, and made alkaline 
by an excess of aqueous sodium hydroxide, and 
then subjected to steam distillation. The distillate 
was extracted with ether and the extract was 
dried with unhydrous sodium sulfate. After filtra- 
tion, the ether solution was distilled, yielding 
13.3 g. of 2-8-trimethylsilylethylpyridine, b. p. 106- 
7°C (21mmHg). The overall yield calculated from 
trichlorosilane used was 49 percent. The analy- 
tical and physical data are given in Table II. 

Its picrate melted at 89°C. 

Anal. Found: N, 13.80; Si, 6.94. Caled. for 
CisHaN«O7Si: N, 13.73; Si, 6.85%. 

Its hydrochloride has the melting point of 102- 
3°C. and it was not analyzed because of its ex- 
treme hydroscopicity. 

Synthesis of 2-3-Trimethylsilylethyl pyridine 
from a-Picoline.—Into the benzene solution of 
butyllithium prepared from 2.0 g. of lithium, 9.3 g. 
of n-butylchloride, and 60 ml. of benzene, 9.3¢. 
of a-picoline was added dropwise at room tem- 
perature and let stand for forty minutes. Twelve 
grams of chloromethyltrimethylsilane was added 
to this reaction mixture, and it was let stand 
overnight. Then the mixture was treated with a 
solution of 20 ml. of water and 22 ml. of concent- 
rated hydrochloric acid. The aqueous layer was 
separated, 14g. of sodium hydroxide was added, 
and extracted with ether. After drying with 
anhydrous sodium sulfate, the ether solution was 
distilled, yielding 4.1g. of 2-8-trimethylsilylethy]- 
pyridine, b. p. 105-7°C (21 mmHg). nj};, 1.4845. 

Anal. Found: N, 7.99. Caled. for C,oH,;;NSi: 
N, 7.82%. 

The identity of this compounds with the one 
derived from the addition product of trichloro- 
silane and 2-vinylpyridine was established through 
comparison of their infrared spectra. 

Methylation of the Addition Product Ob- 
tained from the Reactions of Trichlorosilane 
and Allylcyanide in the Presence of Bases, 
and Conversion into the Corresponding Acid 
Amide.—The products of two runs were com- 
bined and redistilled to yield 5.5 g. of §-trichloro- 
silylbutyronitrile, b.p. 105.0-6.5°C (25mmHg) 
4Found: Cl, 51.4. Caled. for C,H;NSiCl,: Cl, 
52.5%). 

A few drops of §-trichlorosilylbutyronitrile was 
poured onto a large excess of water. When the 
resulting solution was neutralized with aqueous 
ammonia, an amorphous precipitate of §-cyano- 
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propylpolysiloxane appeared. It was _ filtered, 
washed with water, and dried over phosphorous 
pentoxide. 

Anal. Found: Si, 23.0. Calcd. for CsH;NO,.;Si: 
Si, 23.3%. 

8-Trichlorosilylbutyronitrile (4.9g.) was me- 
thylated in a usual manner by methylmagnesium 
bromide prepared from 2.0g. of magnesium. In 
order to remove the impurity of ketone the me- 
thylated product was shaken with a saturated 
solution of sodium bisulfite, and then distilled, 
yielding 1.4g. crude f#-trimethylsilylbutyronitrile, 
b. p. 90-93°C (34.5 mmHg), (41%). 

A mixture of 1.2g. of @-trimethylsilylbutyroni- 
trile, 5ml. of aqueous 50 percent sodium hydrox- 
ide, and 5 ml. of alcohol was refluxed for twentc>7 
hours. After cooling, alcohol was evaporateu in 
reduced pressure, 10 ml. of water was added, and 
then extracted with ether to remove the unreacted 
nitrile. The remaining aqueous layer was then 
acidified with hydrochioric acid, and again ex- 
tracted with ether. After drying with anhydrous 
sodium sulfate, the ether extract was distilled to 
yield 0.7g. of f-trimethylsilylbutyric acid, b. p. 
106-111°C (10.5 mmHg) (51%). 

A mixture of 0.4g. of §-trimethylsilylbutyric 
acid and 1.6g. of thionyl chloride was gently re- 
fluxed for one hour. The excess of thiony! chloride 
was evaporated under reduced pressure. The re- 
sidual oil was dissolved in 20 ml. of dry ether and 
saturated with dry ammonia under cooling with 
ice-water, and let stand for a short time. After 
filtration of the resulting ammonium chloride, the 
ether solution was evaporated to yield 0.3 g. of 
crude £-trimethylsilylbutyric acid amide, m.p. 
93-4°C. Purification was carried out by recry- 
stallization from petroleum benzine, m. p. 95-6°C. 

Anal. Found: N, 8.68. Calcd. for C;7H,;NOSi:; 
N, 8.79%. 

The Product Obtained from the Reactions 
of Trichlorosilane and Allylcyanide in the 
Presence of Tetrapyridine Nickel Chloride.— 
The products of several runs (23.6 g.) were com- 
bined and methylated in the usual manner using 
9.4g. of magnesium. The methylated product 
was shaken with an aqueous saturated solution 
of sodium bisulfite, and then washed with water, 
dried with calcium chloride, and distilled through 
a Stedman column of about thirty theoretical 
plates. The following fractions were obtained 
under the pressure of 30 mmHg: (1) 87.5-91.0°, a 
few drops, (2) 91.0-2.5° 1.7 g., (3) 92.5-5.0°, l.g., 
(4) 95.0-7.0°, 0.8 g., (5) 97.0-8.0°, 2.8 g., (6) residue, 
3.5g. Analytical and physical data of two main 
fractions (No. 2 and 5) are listed in Table II. 

One gram of the fraction No. 2 (s-trimethy]l- 
silylbutyronitrile) was hydrolyzed in the same 
manner mentioned above, and yielded 0.5g. of 
crude f-trimethylsilylbutyric acid, b.p. 108-115 
(10mmHg). The latter product was immediately 
treated with 2.0g. of thionylchloride and then 
ammonia, yielding 0.5g. of crude #-trimethylsily]- 
butyric acid amide. Recrystallization from a 
mixture of alcohol and water gave 0.3g. of pure 
sample, m. p. 96.0-6.5°C. 

Anal. Found: N, 8.47. Caled for C;H,;;NOSi: 
N, 8.79%. 
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One and two tenth grams of fraction No. 5 (r- 
trimethylsilylbutyronitrile) was treated in a similar 
manner, and gave 0.8 g. of 7-trimethylsilylbutyric 
acid (b.p. 115-7° (1l1mmHg)) and then 0.5¢g. of 
crude 7-trimethylsilylbutyric acid amide, m. p. 
61.5-4.0°C. By recrystallization from n-heptane, 
the pure sample was obtained, m. p. 66.0°C. 

Anal. Found: N, 8.96. Caled. for CzH:;:7NOSi: 
N, 8.79%. 

The Product Obtained from the Reactions 
of Trichlorosilane and Octene-1.—The products 
of several runs (16.9g.) were combined and me- 
thylated in the usual manner by methylmagnesium 
bromide prepared from 6.5 g. of magnesium. The 
methylated product was distilled through a Sted- 
man column into the following fractions: (1) 
96.0-9.0° (30mm.), 0.4g. (2) 99-100.0° (30 mm.), 
1.7 g. (3) 100.0° (30 mm.)-103.0° (29mm.), 2.1 g. (4) 
103.0-107.° (29 mm.), 0.3 g. (5) 107° (29 mm.), 4.1 g. 

Analytical and physical data of two main frac- 
tions (No. 2 and 5) are listed in Table II. 


Summary 


Addition reactions of trichlorosilane to 
styrene, 2-vinylpyridine, allylcyanide, and 
octene-1 were attempted in the presence of 
bases such as pyridine and in the presence 


of tetrapyridine nickel(II) chloride. The 
structures of the reaction products were es- 
tablished. In the presence of bases, trichloro- 
silane was added to 2-vinylpyridine and allyl- 
cyanide, yielding 2-$-trichlorosilylethylpyri- 
dine and #-trichlorosilylbutyronitrile, respec- 
tively. On the other hand, in the presence 
of tetrapyridine nickel chloride, the addition 
was effected for all the vinyl compounds ex- 
amined. (2-vinylpyridine was not attempted. 
In this case, however, the addition products 
proved to be composed of two position iso- 
mers, the occurrence of which was due to 
the difference in the orientation of addition, 
for each of the starting vinyl compounds. 


The author is much indebted to Prof. S. 
Murahashi for his helpful suggestions, and 
to Mr. S. Konotsune for his help in the ex- 
periments. Appreciation is also expressed 
to Nihon Silicon Resin Co. for their kindness. 
in supplying the trichlorosilane. 
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Studies on the Reduction Processes of Germanium Dioxide by Hydrogen 


By Hideo BABA 


(Received August 26, 1955) 


Introduction 


Two methods of obtaining a metallic ger- 
manium are known, namely the one is by 
the reduction of germanium tetrachloride 
with metallic zinc in gas phase’ which is 
known as the duPont process, and the other 
by the reduction of germanium dioxide by 
hydrogen’. The latter process is superior 
to the former for obtaining a highly pure 
germanium because its product is less con- 
taminated with impurities. 

In general, the reaction between metal 
oxide and hydrogen have been well studied 
by many workers, but as there have been 
few papers on the reduction of germanium 
dioxide, we have made a study of this 
problem. 


1) H.C. Torrey and C.A. Whitmer, ‘Crystal Recti- 
fiers’’, McGrow-Hill (1948), Chap. 10. 

2) A.P. Thompson and J.R. Musgrave, J. of Metals, 
4, 1132 (1952). 


Experimental Procedure 


A study of the rate of the reduction of ger 
manium dioxide may be pursued by measuring 
the weight decrease of the oxide in hydrogen at 
intervals of the reduction. The measuring ap- 
paratus consists of a vertical quartz tube and a 
quartz spring balance suspended at one end of a 
rod in the tube. The rod can be moved vertically 
to bring a sample dish to the hot zone of the 
tube kept at a desired temperature. The decrease 
in weight of the oxide can be estimated by read- 
ing the shrinkage of the spring by means of a 
cathetometer. 

The sensitivity of the spring balance is cali- 
brated by weighing the weight of 0 to 500 mg. to 
determine the weight-elongation relationship. 
From the experiment, it was found that the rela- 
tionship is shown by 

W mg. =1.53 x 10? x/ cm. 

Germanium dioxide has three crystal structures, 
i.e., tetragonal rutile type, hexagonal a-quartz 
type, and amorphous*). It was desirable to ex-- 


3) Otto H. Johnson, Chem. Rev., 51, 431 (1952). 
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amine the reduction process on each of the above 
three crystal types, but unfortunately tetragonal 
rutile type crystal could be prepared by neither 
heat treatment nor any other processes which 
might be expected. The samples are highly pure 
germanium dioxide made by ‘‘ Otavi Meinen und 
Eisenbarn Gesellschaft’’, Germany, and the 
crystal structure was hexagonal a-quartz type by 
an X-Ray analysis. 

The amorphous type structure was prepared 
by fusing the crystalline germanium dioxide. 


Experimental Results 


A known weight of hexagonal a-quartz type 
germanium dioxide was placed on the sample dish 
and the weight decrease was measured as the 
temperature increased at a constant velocity of 
5.3°/min. in the hydrogen stream. Curves I and 
II in Fig. 1 show the temperature-time and weight 
decrease-time relationship respectively. These 
curves show that the reduction occurs at about 
150°C. 
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> Time in Minutes 
Fig. 1. Curve (I) Temperature-Time re- 
lationship. Curve (Il) Weight decrease- 
Time relationship. 


Hexagonal a-quartz Type Germanium Dicx- 
ide.—About 180 mg. of hexagonal a-quartz type 
germanium dioxide was placed in the apparatus 
and the absorbed water was removed by heating 
at 300°C for about thirty minutes in the stream 
of dry hydrogen, then the sample dish was pulled 
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Fig. 2. Reaction curves with different 
temperature and hydrogen flow rate. 
(crystalline germanium dioxide) 
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up above the heating zone and then it was pushed 
down to the heating zone of the furnace kept at 
a desired temperature. The reaction temperatures 
which we studied were 450, 500 and 600°C and 
the flow velocity of hydrogen was varied from 
50 cc.;min. to 210cc./min. The results are shown 
in Fig. 2. 

Amorphous Germanium Dioxide.—Pre paration 
of Amorphous Germanium Dioxide.—The hexagonal 
type germanium dioxide used in the previous ex- 
periment was melted at 1300°C and a glossy trans- 
parent mass was obtained which was shown to be 
amorphous by the X-ray analysis. This mass 
was crushed to the same size as the crystalline 
sample. The reaction curves are shown in Fig. 
3. In the case of the amorphous sample the reac- 
tion type was represented by the first order reac- 
tion and showed no distinct induction period. 
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Fig. 3. Reaction curves with different 
temperatures. (amorphous germanium 
dioxide) 


Consideration of the Results of the 
Experiment 


a) Hexagonal «-quartz Type Germanium 
Dioxide.—This reaction has an autocatalytic 
phenomena as shown in Fig. 2 and the reac- 
tion velocity of this kind is ordinarily shown 
as follows®. 


dx/dt=Kx"a—x) (1) 
x: product at a time ¢. a@: initial amount. 
K: const. m: const. 


The exponential factor m in (1) is a topo- 
chemical factor and is varied by the surface 
condition of solid phase and by the number 
of the reaction centers on the surface of the 
crystal, and can be determined by the follow- 
ing method. 

Eq. (1) is differentiated by ¢. 

d?2x/dt?= K{(nx°-?(a—x)—x"} 
at the maximum of the reaction velocity curve 
d?x/dz?=0 then, nx“*-?)(a—x)—x"=0 


as x=0O during the reaction, 


4 K. Kawakita, Proc. of Phys. Chem. Japan, 14, 79 
1940). 
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x=an/(n+1) (2) 

As the value of x at the maximum of 
dx/d¢t can be obtained from the experiment, 
the value of ” can be determined. Relations 
between dx/d¢t and ¢ can be obtained graphi- 
cally from Fig. 2 and are shown in Fig. 4. 
Since time ¢ at the maximum of dx/d? is 


dx/dt mg./min.—! 


8.0r 
! 
7.05 
6.01 —e— 210°¢min 
th; 600°C s-o-- 50°C mm 
5.016) F 
} ' 
4.0F}}\ 








0 20 40 60 80 100 


Time in Minutes 


Fig. 4. Reaction velocity and time rela- 
tionship at different temperatures. 


determined from this figure, the correspond- 


ing value of x is found from Fig. 2. On the 
other hand, x at the completion of reaction, 


which equals a, is known from the experi- - 


ment. The corresponding values are cal- 
culated by inserting these values in Eq. (2). 

The values of mw vary indefinitely from 0.4 
to 2.2 corresponding to the reaction tempera- 
ture and hydrogen flow rates. This is caused 
by the formation of reaction nuclei and their 
rate of propagation, which are concerned 
with the formation and evaporation of ger- 
manium monoxide. The faster the hydrogen 
flow rate, the more the evaporation of mon- 
oxide becomes appreciable as shown in Table 
I and the m values become more irregular. 
But in the case of 50cc./min. because the 
formation of monoxide is limited, the values 
become constant, independent of temperature 


TABLE I 
DEVIATION OF WEIGHT DECREASE FROM 
CALCULATED VALUE 


Weight f Percent 
ite Flow Decrease 44 Differ- of + etal 
Cc cc. i. Calcu- Found = against 

' lated ©* Calculated 
mg. mg. Value 
150 50 71.2 75.0 3.8 —5.3 
210 54.7 67.0 : 9.5 
50 62. 2 64.0 1.8 2.8 
690 90 59.9 64.0 . 6.8 
7 3 7 


210 $5. 52.0 6. 


and may be taken as unity as shown in 
Table II. 

Then Eg. (1) becomes rather simple and is 
shown by: 

dx/dt=Kx(a—x). 
Dissolving this differential equation 
In x/(a—x)=aKi+C 

when In x/(a—x) is plotted against ?, the in- 
clination of the curve shows aK, from which 


K is obtained as shown in Fig. 5 and listed 
in Table II. 
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Fig. 5. Determination of reaction velocity 


constant k at flow velocity 50cc/min. 


From these data, the apparent activation 
energy is calculated and is found to be 18.3 
kcal./mol. for the gas flowing velocity of 50 
cc./min. as shown in Fig. 7. 


TABLE II 
n AND K VALUES CORRESPONDING WITH 
DIFFERENT TFMPERATURES AT FLOW RATE 
OF 50 cc./min. 
Reaction 








Temp. °C n K (min.~' mol.-') 
150 0. 80 11.7 
500 a 4 Oy 
600 1.33 105 
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Fig. 6. Determination of reaction velocity 


constant k with different temperatures 
(amorphous germanium dioxide) 
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b) Reduction of Amorphous Germanium 
Dioxide.—In the case of crystalline germa- 
nium dioxide, the maximum of dx/dt exists 
at about one third of the whole reaction 
process, but in this case, the reaction velocity 
is represented by a rate equation of ordinary 
first order reaction. If dx/dé is plotted 
against ¢ it is clear that it is corresponding 
to n=0 in Eq. (1) as is shown in Fig. 6. 

In this case, the reaction equation is re- 
presented by 

dx/dt=K(a—x) then, Ina/(a—x)=Kt. 

From this equation we can obtain the values 
of K. 

K (450°C) =0.0096 min.—' 

K (520°C) =0.016 min.~' 

K (600°C) =0.604 min.—' 
From these values the apparent activation 
energy is shown to be 15.2 kcal./mol. 


10 bi —— —— —+—___ 
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Fig. 7. Determination of apparent acti- 


vation energy of reduction of crystalline 
and amorphous germanium dioxides. 


The gas-solid reactions discussed above, are 
ordinarily considered to follow the following 
five steps and the slowest process among 
them determines the reaction velocity”. 

(1) Collision of hydrogen gas on the sur- 
face of germanium dioxide. 

(2) Adsorption of hydrogen gas. 

(3) Reaction on the surface. 

(4) Desorption of products from the sur- 
face. 

(5) Diffusion of products from surface to 
the gas phase. 

Since the reaction process of (1) and (5) 
are diffusional ones, the observed activation 
energy must be very small, and judging from 
the observed activation energy, these pro- 
cesses will not play a predominant role in 
the whole reaction. 

The process of (3) is rather complicated 

5) N.F. Mott and R.W. Gurney, ‘“‘ Electronic processes 


in Ionic Crystals’’, Oxford at the Clarendon Press (1950), 
Chap. 8. 
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and the following four reactions must be 
considered®*»*»”, 

(1) GeO.+2H,=Ge+2H,0 

(2) GeO.+H,=GeO+H,0 

(3) GeO+H,=Ge+H-,0 

(4) Ge+Ge0,=2GeO 


The observed reaction rate will be the 
superposition of these four reactions. 

Reaction (1) is the most common reduction 
reaction of metal oxide and the reactions (2 
and (3) seem to be the transition steps of 
the reduction process. In the case of ger- 
manium dioxide, reactions of (2) and (3) can 
not be neglected, because the observed weight 
decrease in the reduction is greater than the 
calculated values from the initially weighed 
germanium dioxide according to reaction (1). 
This discrepancy can not be explained without 
considering the evaporation of germanium 
monoxide produced by the reaction (2). For 
this reason the formation of germanium mon- 
oxide will be genuine, but the period during 
which the evaporation of this material occurs 
is limited to the beginning of the reaction, and 
since the surface of the grain of germanium 
oxide is immediately covered with germanium 
metal by the reaction (3), further evaporation 
of monoxide is prevented by the germanium 
metal film. On the contrary, in the case of 
amorphous germanium dioxide, no more 
weight decrease is observed than that which 
was calculated and this fact seems to be 
owing to the difficulty of reaction (2) because 
of the different surface condition, and the 
fact that the reaction (1) will be the pre- 
dominant process. 

It is clear from Eq. 1 that the greater the 
value of m, the longer the induction period 
which should be observed, also that the value 
of m reprsents the surface conditions and the 
rate of propagation of reaction nuclei on the 
surface. The two different reaction types 
described above on crystalline and amorphous 
germanium oxides with hydrogen will be ex- 
plained considering this factor m. This dif- 
ference seemed to be caused by the differ- 
ences of the surface conditions; namely that 
the crystalline germanium dioxide has many 
crystal edges which act as active centers. 
At the beginning, the reaction occurs from 
such points and the reaction propagates to 
other parts of the surface and thus the main 
reaction occurs after some induction period. 
During the induction period, the reaction (2 


6) Les, Brawer, Chem. Rev., 52, 1 (1953). 

7) R.B. Bernstein and D. Cubicciotti, J. Am. Chem. 
Soc., 73, 4112 (1951). 

8) Meller. ‘‘ Comprehensive treatise in Inorganic and 
Physical Chemistry’, Vol. 7, p. 265. 

9) W. Bues u. H.V. Wartenberg, Z. f. anorg. u. all 
gem. Chem., 266, 281 (1951). 
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become appreciable. On the other hand, the 
surface of the amorphous germanium dioxide 
has a more uniform character point to point 
and has same chances of starting a reaction, 
so that a sufficient number of nuclei form 
at once at the beginning of the reaction and 
the main reaction occurs without occuring 
reaction (2). 

Reaction (4) occurs on the contact surface 
during the reduction process between the 
germanium produced and the remaining ger- 
manium dioxide. But since this is solid-solid 
reacti.: its velocity is small enough to be 
neglected in this case. 


Conclusion 


The reduction process of germanium dioxide 
and the hydrogen system were studied for 
the crystalline and amorphous germanium 
dioxides. In the case of the crystalline dioxide, 
the reduction process had autocatalytic action 
and its velocity was represented by the 
formula dx/dt=K-x(a—x). On the other hand, 
in the case of amorphous germanium dioxide 
the process showed no distinct induction 
period and followed the first order reaction 
type. This difference seemed to be owing to 
the differences of surface conditions of cry- 
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stalline and amorphous germanium dioxides 
and was well represented by the value of 
topochemical factor » in Eq. (1). 

The activation energies of reduction process 
of crystalline and amorphous germanium 
dioxide were found to be 18.3 kcal./mol. and 
15.2 kcal./mol. respectively. This reduction 
process seemed to be rather complicated, and 
we must consider some reactions belonging 
to the GeO,-GeO-Ge system, but we treated 
the reaction under the assumption that the 
GeO,+2H,.=Ge+2H.,0 was the main process 
as the first order approximation. 
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V. Ethylenediamine 


Complexes of Cadmium, Nickel and Zinc* 


By Ken-ichi MORINAGA 


(Received January 23, 1956) 


Introduction 


The complex salts hitherto studied by 
polarographic methods were mostly confined 
to the so-called polarographically reversible 
systems and there are found very few studies 
on the irreversible complex systems. In the 
previous papers’, the author reported the 
polarographic behaviour of the ammonia 
complexes of cadmium, nickel and zinc. The 
polarographic reductions of the ethylenedi- 
amine complexes of these metals, in 0.1N 
potassium nitrate medium with various con- 
centrations of the complexing agent, were 


® This paper was read at the 2nd Symposium on 
Polarography held on November 22, 1955 at Hiroshima 
University by the Chemica! Society of Japan and the 
Electrochemical Society of Japan. 

1) K. Morinaga, J. Chem. Soc. Japan (Pure Chem. 
Sect.), 75, 627 (1954); 76, 133, 136 (1955). 


investigated in the present paper. While the 
reductions of nickel and zinc were irrever- 
sible, the reduction of cadmium complex was 
found to be reversible, and it was possible 
to determine the number of coordinated 
ligands and the overall complex formation 
constant for the cadmium complex, which 
existed in the solution under investigation. 
The attempt was also made to interpret 
the irreversible polarographic waves with 
the aid of the theoretical treatment of the 
current-voltage curves developed recently by 
Matsuda and Ayabe”, and the number of 
ligands in the complex ions which participated 
in the electron transfer process could be 
determined. The forward rate constants of 
the electron transfer process could also be 


2) H. Matsuda and Y. Ayabe, This Bulletin, 29, 134 
(1956). 
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calculated using the known complex forma- 
tion constants. 


Experimental Part 


The Heyrovsky-Shikata type polarograph with 
the circuit for extendable and adjustable e.m.f. 
was employed to record the enlarged polarograms, 
from which the half-wave potentials were deter- 
mined by the log plot method. The span voltage 
applied to a potentiometer-drum was _ selected 
in the range of 0.24 to 0.60v. The H-cell with a 
saturated calomel electrode was used, the internal 

_ resistance of which was found to be about 400 2. 
The reproducibility of the values for the half- 
wave potential was + 1mV. for cadmium and 
was + 3mV. for nickel and zinc. The capillary 
used had an m value of 2.1l9 mg./sec. and a drop 
time of 4.61 sec./drop at the mercury height of 
68.5cm., in distilled water with an open circuit. 
All polarographic measurements were carried out 
in a thermostat of 25.0+0.1°C. 

The solutions of cadmium, nickel and zinc 
sulfates, and the 1N stock solution of potassium 
nitrate used as a supporting electrolyte, were 
all prepared from reagent grade materials. The 
2 and 4™M solutions of ethylenediamine were 
prepared by dilution of twice distilled reagent 
and was standardized with hydrochloric acid 
using B.P.B. as an indicator. The concentration 
of gelatine solution which was employed as a 
maximum suppressor, had considerable influence 
on the characteristics of the reduction waves for 
nickel as seen below; therefore the greatest care 
was taken with its preparation. The electrolytic 
solutions were prepared by adding the stock 
solutions of metal sulfates, potassium nitrate, 
ethylenediamine and lastly a fresh solution of 
0.1% gelatine in a measuring flask. Oxygen was 
removed from the electrolytic solution by passing 
nitrogen gas through it for half an hour. 
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examples of the plot of E against log (i/(i:—i)) 
are illustrated in Fig. 1. The reciprocal slope of 
zinc waves was found to be 34.,.mV. and a little 
larger than the one expected for the reversible 
waves. For nickel waves a slight deviation from 
the linearity was observed, but five points which 
are gathered around the half-wave potential, 
gave a straight line, from which the reciprocal 
slope was estimated as a first approximation. It 
is probable that the deviation from the linearity 
may be partly due to an inappropriate con- 
centration of gelatine, and partly due to an 
experimental error caused by a rather large 
span voltage applied to the potentiometer-drum*. 


10 





-1.30 -1.35 - 1.40 -1.45 


Zz Y¥. ve. SC. E. 
Fig. 1. Plot of E against log (i/(i:—7)). 
Concentration of ethylenediamine: 
0.966 m for nickel and 1.05m for zinc 


The L[Lependence of the Limiting Currents 
on the Heights of Mercury Column. — The 
limiting currents were measured at various 
heights of mercury column. If the limiting cur- 
rent is diffusion-controlled, it should be propor- 
tional to the square root of the height of mercury 
column Heorr, corrected for the back pressure. 
Data given in Table I indicate that the limiting 
currents are determined by a diffusion process 
for the reductions of these complex metal ions. 


TABLE I 
DEPENDENCE OF LIMITING CURRENTS ON HEIGHT OF MERCURY COLUMN 
Cd Ni Zn 
0.5x103M 0.6x 10-7 mM 0.46 x 10-3 M 
0.15 M en 1.15M en 1.05M en 
0.01% gel. 0.02% gel. 0.02% gel. 
Hoorr. wl Town. i it/ VS Horr. i in, W/ Theor: it it, A Heorr- 
(cm.) (nA) (mA) (pA) 
68.5 8.28 3.61 0.436 3.58 0.425 2.98 0.360 
64.5 8.03 3.51 0.437 3.40 0.423 2.88 0.359 
60.5 7.78 3.41 0.438 3.31 0.425 2.80 0.360 
56.5 7.52 3.30 0.439 3.19 0.424 2.72 0.362 


Experimental Results 


The Relation between E and log (i/(i:—i)).— 
The waves were analyzed by the log plot method 
from the observed current i at the potential EH 
of the dropping mercury electrode and the limit- 
ing current iz. The reciprocal slope of cadmium 
waves was 3l.,;mV. in average, as shown in 
Table II, and the reduction was reversible. Two 


The Variation of the Half-wave Potential 
as a Function of the Ethylenediamine Con- 
centration.—The characteristics of waves at 
various concentrations of ethylenediamine Cen 
are given in Tables II, III and IV. 

The half-wave potentials for cadmium and zinc 


* The log plot of nickel wave, shown in Fig. 1, appears 
to give a convex curve, but this is not always the case. 
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were independent of the concentrations of the 
depolarizers, as shown in Tables II and IV, and 
the reciprocal slopes remained constant in the 
concentration range of 0.1 to 2.5m ethylenedi- 
amine. 

The same was no longer the case for nickel. 
The reciprocal slope decreased with the increase 
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of concentration of ethylenediamine. Moreover, 
the concentration of gelatine had considerable 
influence on the slope and the half-wave potential. 
At the lower concentration of gelatine, the slope 
was smaller and the half-wave potential was 
more positive. 


TABLE II 


VARIATION OF (E'Z)c AS A FUNCTION OF 


ETHYLENEDIAMINE CONCENTRATION 0.1N 


KNO;, 0.01% GELATINE, m=2.12 mg./sec., t=4.12 sec./drop., H =68.5cm. 


Concn. of 


Jen log Cen Cadmium E /log(i/(ia i)) la —(Ej;2)c 

(M) (10-3 m) (mV.) (mA) (V.vs.S.C.E.) 
0 0.5 32 3.85 0.581 
0.115 1.061 0.5 32 3.65 0.845 
0.154 1.187 0.5 32 3.61 0.856 
0.231 1.363 0.5 31.5 3.59 0.873 
0.308 1.488 0.5 30 3.55 0.882 
0.308 1.488 0.2 32 1.43 0.884 
0.308 1.488 0.7 31 1.99 0.885 
0.462 1.665 0.5 32 3.51 0.902 
0.616 1.789 0.5 32 3.44 0.914 
0.770 1.886 0.5 31 3.39 0.922 
0.866 1.937 0.5 33 3.34 0.928 
0.924 1.965 0.5 31 3.30 0.930 
1.15 0.061 0.5 31 3.26 0.940 
1.44 0.158 0.5 33 3.15 0.950 
1.79 0.253 0.5 31 3.07 0.960 
2.02 0.305 0.5 31 2.94 0.967 
2.31 0.363 0.5 31 2.84 0.974 
2.60 0.415 0.5 32 2.75 0.980 
2.89 0.460 0.5 32 2.66 0.987 

TABLE III 
VARIATION OF (Ei;2)e AS A FUNCTION OF ETHYLENEDIAMINE CONCENTRATION 
0.1N KNO;, m =2.01 mg./sec., t =3.72 sec. /drop, H —64.5 cm. 

Cen “oa Gelation E /log (i/ia—i)) ia (Ei /2)c 
(M) (10-3 mM) (%) (mV.) (mA) (V.vs.S.C.E) 
0 0.6 (4.01) 
0.146 0.6 0.013 78 3.86 1.327 
0.146 0.6 0.020 90 3.77 1.351 
0.219 0.6 0.020 82 3.73 1.353 
0.292 0.6 0.015 72 3.77 1.342 
0.292 0.6 0.016 74 3.73 1.346 
0.292 0.6 0.020 80 3.69 1.355 
0.365 0.6 0.020 76 3.67 1.358 
0.438 0.6 0.016 70 3.69 1.355 
0.438 0.6 0.020 74 3.64 1.361 
0.584 0.6 0.020 70 3.69 1.365 
0.730 0.6 0.020 67 3.54 1.369 
0.876 0.6 0.020 63 3.50 1.373 
0.966 0.6 0.020 60 3.47 1.375 
0.966 0.4, 0.020 55 2.46 1.370 
0.966 0.2, 0.020 52 1.42 1.303 
1.21 0.6 0.020 59 3.37 1.381 
1.45 0.6 0.020 56 3.31 1.3385 
1.69 0.6 0.020 54 3.20 1.391 
1.93 0.6 0.020 52 3.12 1.394 
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TABLE IV 
VARIATION OF (E; »)c AS A FUNCTION OF ETHYLENEDIAMINE CONCENTRATION 
0.1N KNOsz, 0.02% Gelatine, m =2.01 mg./sec., t=3.65 sec./drop, H =64.5 cm. 
Cen log Cen Concn. of Zinc E/log(i/(7a—i)) la —(E1/2)c 
(M) (10-3 m) (mV.) (A) (V.vs.S.C.E.) 

0 0.46 (3.39) 

0.103 1.013 0.46 34.5 3.26 1.356 
0.154 1.187 0.46 34.; 3.18 1.370 
0.231 1.363 0.46 34 3.14 1.383 
0.308 1.488 0.46 34 3.12 1.391 
0.384 1.585 0.46 34.5 3.10 1.399 
0.461 1.664 0.46 34 3.09 1.404 
0.615 1.789 0.46 34 3.01 1.413 
0.769 1.886 0.46 34.5 2.97 1.421 
0.923 1.965 0.46 34.; 2.92 1.426 
1.05 0.020 0.46 34 2.88 1.432 
1.05 0.020 0.55 34 3.43 1.434 
1.05 0.020 0.27 33.5 72 1.431 
1.31 0.117 0.46 34., 2.80 1.440 
1.57 0.196 0.46 at. 2.69 1.446 
1.83 0.263 0.46 34.5 2.61 1.452 
2.10 0.321 0.46 34 2.53 1.458 
2.36 0.372 0.46 34 2.41 1.463 
2.62 0.418 0.46 34 2.36 1.466 


The Viscosities of the Electolytic Solutions. 
—Diffusion currents 7g in each case decreased with 
the increase of concentration of ethylenediamine. 
The viscosities of the solutions 7 were measured 
with Ostwald viscometer, taking distilled water 
as a standard, and the observed diffusion currents 
were plotted against the inverse square root of 
the relative viscosities. As illustrated in Fig. 2, 
The product of the diffusion current and the 
square root of the viscosity remained constant 
at each concentration of ethylenediamine. Thus 
the decrease of the diffusion current was found 
to be due to the increase of the viscosities of the 
electrolytic solutions». The extrapolated points 
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Fig. 2. Plot of ia against 1/./ 7. 
The black circles represent the diffusion 
currents of the simple metal ions. 


3) I.M. Kolthoff and J.J. Lingane. 
Vol. I, Interscience Pub., New York, Loncon 
Pp. 97. 


“* Polarography” 
1952), 


at relative viscosity of 1 may represent the 
apparent diffusion currents of the complex ions, 
comparable to those of the simple ions. So the 
square roots of the apparent polarographic diffu- 
sion coefficients of these complex metal ions may 
be estimated to be ca. 4% less than those of the 
simple metal ions*. 


Discussion 


Matsuda and Ayabe” have recently derived 
a general expression for the polarographic 
current-voltage curves of complex metal ions,, 
by assuming that the net electrode reaction 


MX,‘"-*”*+-+ne+Hg = M(Hg)+vxX~ 


(v=N, N-1, 0: N is the maximum 
number of ligands which can be combined) 


take place according to the following scheme : 


(1) dissociation and association processes 
ee 
(v=N, N-1, 
MX,-,("-a- a) X— 
(p=), p-1, 
(2) ne transfer process 
MX, ‘"-?”*++ne+ Hg = M(Hg)+ px-” 


=MX,°"-#>+ 


| 


; 


In the above equations M(Hg) represents. 


the amalgam formed on the electrode sur- 


face and m is the number of electrons. 
associated with the electrode reaction; 
x~ Tepresents the complexing agent and. 


* Usually the presence of gelatine causes the lowering 
of the limiting current, so the observed limiting current 
in the presence of gelatine is not the true diffusion 
current. But, in the meaning that the limiting current 
is diffusion-controlled, the apparent polarographic di- 
ffusion coefficient may be estimated from the observed. 
diffusion current. 
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MX,‘"-”* represents the complex which 

participates in the electron transfer process, 

among various complex species MX,‘"—-»”+ 

(v=N, N-1, --:- , 1, 0) which exist in the 

bulk of the solution. 

If the reaction rates of dissociation and 
association are sufficiently rapid, that is, the 
limiting current is diffusion-controlled, the 
wave for the reversible system may be 
expressed : 


RT, VD 3 RT 


E=E,-23%: 23 : 
a log | _  -— ae? —% 
—2.3 x plog{l +S1Cx) »(iI k,)}. (1) 
“= } 


The wave for the irreversible system may 
be expressed : 


£. RT { k;° i 
E*= aed, - —O.C _ - 
i 77712 Wed mae aod i 


rN ‘ 
—log! S\(Cx)» (IL be) } (11 ky) }. (2) 


where Ey is the standard potential for the 
reduction of the simple metal ion M”* to 
the amalgam state; D and D, are the diffu- 
sion coefficients of the complex metal ions 
MX.“"-*»+ in the solution and of the metal 
atoms M(Hg) in the amalgam, respectively ; 
Cx is the concentration of the complexing 
agent and k, is the successive formation 
constants defined by Bjerrum”; @ is the 
transfer coefficient and t is the drop time 
and k,® is the forward (reduction) rate 
constant of the electron transfer process 
at the potential of the normal hydrogen 
electrode. (All activity coefficients are as- 
sumed to be equal to 1 in the above 
€quations.) 


05 g 


log Cen 
Ny 


4 —_ 


-0.85 090. «095 
V.vs.S.C.E. 





(E1)2)- 
Fig. 3. Variation of (E;)2), for cadmium 
as a function of log Cen. 


* E in Eq. (2) is measured with reference to the 
normal hydrogen electrode. 

4) J. Bjerrum, ‘‘ Metal Ammine Formation in Aqueous 
Solution”’, P. Haase and Son, Copenhagen (1941),p. 20. 
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Cadmium Complexes.—In Fig. 3 the half- 
wave potentials are plotted against the 
logarithm of the concentrations of ethyl- 
enediamine. As the activity coefficients of 
ethylenediamine are unknown at the ionic 
strength of 0.1 (KNO;), they are all assumed 
as equal to 1 in the following calculations. 
The values found are lying on the line: 


( Ey, 2c=— 0.934— 0.096 log ee 


This system belongs to a reversible type 
and Eq. (1) can be used. From the above 
data it can be concluded that the complex 
ion [Cd en;]**+ predominates in the concen- 
tration range of 0.1 to 2.0m ethylenediamine 
and its formation constant is equal to 10'-%, 
This value is in good agreement with the 
value of 10'*-'* determined polarographically 
by Douglas, Laitinen and Bailar®. 

Nickel Complexes.—-The reduction of 
nickel is irreversible and we have attempted 
to interpret the waves by Eq. (2). When only 
the complex MXs3°"~>”+, which predominates 
in the bulk of the solution, dissociates very 
rapidly into the complex MX,‘-?”+ in the 
vicinity of the electrode surface and the 
complex MX, *-”* is reduced irreversibly 
at the dropping electrode, Eq. (2) can be 
reduced to the more simple form: 


- 3 kT k;” = = i 
E= a 3 RT flog, Dp’? 0.049 log -—; 


) 


_ log | [/ I ky ) /( II kx) |-(S—p) log Cx; 
” N = 


(3) 
Since the successive formation constants 
of nickel-ethylenediamine complexes” are 
kh, =10"-*, k,=10%* and k;=10'-*, the overall 
stability constant K;(=k,k.k;=10"*-) is much 
larger than K2(=k,k.=10"*-) or K,\(=h,) and 
therefore the concentrations of the complexes 
[Ni en,]** and [Ni en]** are negligibly small 
in comparison to that of the complex 
{Ni en;}*+ in the concentration range of 0.1 
to 2.0m ethylenediamine. Thus S in Eg. (3) 
are equal to 3 in the present case. 

If Eq. (3) is valid for the reduction of 
nickel complexes, the value of a@ can be 
estimated from the log plot shown in Fig. 1 
and the value of (3—) can be obtained by 
plotting the half-wave potentials against the 
logarithm of the ethylenediamine concentra- 
tions. It is to be noted that the value of @ 
is dependent on the concentration of ethylene- 
diamine and it is not easy to determine (3—)) 


5, B.E. Douglas, H.A. Laitinen and J.C. Bailar, J. 
Am. Chem, Soc., 72, 2484 1950). 

6) A.E. Martell and M. Calvin, ‘‘Chemistry of the 
Metal Chelate Compounds”, Prentice-Hall, New York 
1952), p. 518, 519. 
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so definitely as in the nickel-ammonia sys- 
tem”. But, as shown in Fig. 4, the value 
of (3—p) may be estimated as approximately 
equal to 1, that is, p=2. This value seems 
reasonable, considering the higher stability 
of the ethylenediamine complex than that 
of the ammonia complex, for which p was 
found to be equal to 2*. Thus the complex 
[Ni en;]** in the solution may dissociate into 
the complex [Ni en.]++ in the vicinity of the 
electrode surface, and then it will be reduced 
at the dropping electrode. 


en 


log ¢ 





-1.35 -1.40 
V.vs.S.C.E. 


(FE, ae 
Fig. 4. Variation of (E,/2)- for nickel as 
a function of log Cen. 


Figures of 1.,, 1., and 1. represent values 
of (S—p) at the reciprocal slopes of 74, 70 
and 60 mV., respectively. 


The forward rate constant of this electron 
transfer process can also be calculated by 
Eq. (3)**. The results are given in Table V. 
Since @ depends on the concentration of 
ethylenediamine and gelatine, k,® thus cal- 
culated no longer remains constant. The 
values of a@ greatly influence the calculated 
values of the rate constant. The relation 
between a@ and hk,’ is not yet clear, but 
Table V shows that the larger a@ is, the 
smaller ky’ is. Moreover, the equal value 


* Ethylenediamine is a bidentate group, while ammonia 
is a monodentate group. The successive formation con- 
stants for nickel-ammonia system are ki~10°%+3", ky 
102+24, kg—101078, Ay 102+1%, kg —10% 7S and ka=10%"+. 
** The ratio of the diffusion current of the complex ion 
to that of the simple ion is taken from Tables III and 
IV. D may be calculated using this ratio and the diffu- 
sion coefficient of the simple ion at infinite dilution 
(0,69 X10 ~°5 cm.?2/sec. for nickel and 0.72X107° cm.?/sec. 
for zinc). 
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for @ gave the nearly consistent value for 
k,® even at the different concentrations of 
ethylenediamine. This suggests that estima- 
tion of @ from the log plot (Fig. 1) may be 
allowed as a first approximation. At the 
concentration of 1m _ ethylenediamine, the 
values of @ and k,;” may be close to 0.5 and 
10-'’-s cm./sec., respectively**. For the am- 
monia complexes, the values @~0.7 and 
k,?=10-"*-s cm./sec. were found in the solution 
of 1m ammonia and 0.1N KNO;. Comparing 
these values, it seems that in the ethylene- 
diamine system the transfer coefficient and 
the reduction rate constant of the electron 
transfer process at the normal hydrogen 
electrode are smaller than those in the 
ammonia system. 


TABLE V 
VALUES OF @ AND kr" FOR NICKEL 
(in 0.1N KNO;) 


Tien Concn. of Concn. of - —log ky® 
Nickel  Gelatine (ky: 
(mM) (10-3 mM) (%) cm./sec.) 

0.146 0.6 0.020 0.33 ll.s 
0.146 0.6 0.013 0.38 13.3 
0.219 0.6 0.020 0.36 12.s 
0.292 0.6 0.020 0.37 13.0 
0.292 0.6 0.016 0.40 14. 
0.292 0.6 0.015 0.41 14., 
0.365 0.6 0.020 0.39 13.7 
0.438 0.6 0.020 0.40 14.9 
0.438 0.6 0.016 0.42 14.5 
0.584 0.6 0.020 0.42 14.¢ 
0.730 0.6 0.020 0.44 15.5 
0.876 0.6 0.020 0.47 16.5 
0.966 0.6 0.920 0.49 17.5 
0.966 0.4, 0.020 0.54 19.; 
0.966 0.25 0.020 0.57 20.1 
1.21 0.6 0.020 0.50 17.3 
1.45 0.6 0.020 0.53 18.3 
1.69 0.6 0.020 0.55 19.7 
1.93 0.6 0.020 0.57 20.5 


Zinc Complexes._-This system belongs 
also to an irreversible type and Eq. (1) can 
not be used to interpret the waves”. The 
plot of (Ey,/2)- against logCen are given in 
Fig. 5. 

In the range of 0.1 to 2.0m ethylenedi- 
amine a@, taken from the log plot, remains 
constant to be equal to 0.86. Since the suc- 
cessive complex formation constants for zinc- 
ethylenediamine system” are k,=10°-"', k,= 
10%? and k,=10'-72, K, is larger than Kz or 


** Since a=~0.5 is used in the calculation of the rate 
constant, the values given here may be allowed as ap- 
proximate values, although it is found that the slope 
and the half-wave potential are dependent on the con- 
centration of nickel. 

7) C.J. Nyman, E.W. Murbach and G.B. Millard, J. 
Am. Chem. Soc., 77, 4194 1955). 
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log Cen 


-0.5 


-1.35 -1.40 Ta 
(E%)e V. vs. S.C.E. 


Fig. 5. Variation of (E1,;2)- for zinc as a 
function of logCen. 


K, and therefore the complex [Zn en,;]** 
predominates in the solution under investi- 
gation. So Eq. (3) can be used to interpret 
the waves. From the plot shown in Fig. 5 
the value of (3—)) is obtained as equal to 2.., 
that is, p~1. Thus the complex [Zn en;]** 
in the solution may dissociate into the 
complex [Zn en]** and then it will participate 
in the electron transfer process. The forward 
rate constant of the electron transfer process 
at the concentration of 1m ethylenediamine 
can be calculated to be nearly equal to 
10-*'2 cm./sec. The reduction rate constant 
of the electron transfer process at the equili- 
brium potential (E;=-—0.930 V. vs. N.H.E.*) 
can be obtained as kg~10-*0cm./sec. This 
value seems reasonable in comparison to the 
rate constant kg~10-*-4cm./sec. for zinc ion 
in the solution of 1m KCl found by Randles 
and Somerton, since the ethylenediamine 


* This value was estimated using Eg 0,762 V. vs. 
N.H.E. for the reduction of simple zinc ion in 1 N KNOs 
and K:=105+«71, 

8 J. E. B. Randles and K. W, Somerton, Trans. 
Faraday Soc., 48, 951 (1952). 
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complex is much more stable than the chlo- 
ride complex. 


Summary 


1. The reduction of cadmium-ethylenedi- 
amine complexes is reversible. In the concen- 
tration range of 0.1 to 2.0m ethylenediamine 
{Cd en;]** predominates in the solution, of 
which complex formation constant is equal 
to 10!2.%, 

2. The reduction of nickel-ethylenediamine 
complexes is irreversible. With the aid of the 
theoretical treatment developed by Matsuda 
and Ayabe, it was found that at the concen- 
tration of 1m ethylenediamine [Ni enz]** 
participated in the electron transfer process 
with the forward rate constant nearly equal 
to 10-'’-s cm./sec. and the transfer coefficient 
nearly equal to 0.5. 

3. The reduction of zinc-ethylenediamine 
complexes is irreversible. It was found that 
in the concentration range of 0.1 to 2.0m 
ethylenediamine [Zn en]** participated in the 
electron transfer process with the forward 
rate constant nearly equal to 10-*'-2 cm./sec. 
and the transfer coefficient equal to 0.86. 

4. The decrease of the diffusion currents 
are due to the increase of the viscosities of 
the solutions. The apparent polarographic 
diffusion coefficients of these complex metal 
ions are ca. 8% smaller than those of the 
simple metal ions. 
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Magnetic Susceptibilities of Coronene, Pentacene and Related Compounds 


By Hideo AKAMATU and Yoshio MATSUNAGA 


(Received May 1, 1956) 


Introduction 


In a previous paper? the magnetic sus- 
ceptibilities and anisotropies of polycyclic 
aromatic compounds have been presented. 
In that paper, however, data on coronene 
and pentacene have not been included. Re- 
cently, good specimens of these compounds 
have kindly been provided by Dr. E. Clar of 
the University of Glasgow, who had synthe- 
sized them. We append here the data on 
these compounds with some related ones 
which have been re-examined. 


Experimental and Results 


The measurements of the magnetic susceptibi- 
lity were made by the Gouy method, referring to 
the volume susceptibility of water as —0.720-107 
at 20°C. 

Coronene.—Coronene which has been provided 
by Dr. Clar consists of long yellow needle 
crystals. 

The gram susceptibility, 

(in c.g.s. unit). 

The mole susceptibility, —2%.-10*=243.3. 

Pentacene.—The pentacene which has been 
provided by Dr. Clar is a deep bluish violet 
powder. After preliminary measurements had 
been made, the sample was sublimed in vacuum. 
The greater part of the sample was sublimed 
excepting a small amount of dark residue. In 
practice, however, this procedure had not much 
effect upon the result. 

The gram susceptibility, —z-10*=0.738+0.003. 

The mole susceptibility, —%-10°=205.4. 

Anthracene and Tetracene.—Anthracene was 
synthesized starting from anthraquinone, and 
tetracene was obtained from Fulka. They were 
purified carefully in the usual manner. 

Anthracene, —%z-10*'=0.731+0.002. 
Tetracene, —z-10*=0.736+0.002. 

Violanthrene.—The magnetic susceptibility of 
violanthrene has been re-examined, because there 
occured some doubt about the purity of the former 
specimen. Violanthrone was synthesized from 
benzanthrone, and reduced to violanthrene by 
zinc dust fusion after Clar. In this procedure, 
the so-called B-compound was carefully separated. 
The specimen was purified by sublimation in 
vacuum. 

The gram susceptibility, —z-10*=0.733+0.004. 

The mole susceptibility, —2zm-10°=312.6. 


z-10°=0.810 + 0.003 


1) H. Akamatu and Y. Matsunaga, This Bulletin, 26, 
364 (1953). 


Discussion 


Let Ki, Kz and K; be the principal mole 
susceptibilities of the molecule, where K, and 
Ky. are those in the plane of molecule and 
K; is that perpendicular to it. As presented 
in the previous paper, K, (=Kz3) is calculated 
by the empirical formula after Hazato”, 


K,==X(C=)+=X(H) (1) 
where X(C=)=—3.36-10-° and X(H)=-—2.93- 
10°. The diamagnetic anisotropy is given 
by 

4K=K;—K,=3(Xm—K,) (2) 

This results for coronene, K,=—115.8-10~, 
and 4K = —383-10~. 

Such an approximate calculation has, hi- 
therto, been made because it is difficult to 
obtain single crystals large enough in size 
for the magnetic measurements. 

For coronene, however, Rogers® has mea- 
sured the magnetic anisotropy of a single 
crystal, and his results were, 

X,—X2=180-10", X,—xX;=210-10-, 
X,—X;=30-10", and 4K =-—390-10-, 
where X;, X2 and X; are the principal mole 
susceptibilities of the crystal. However, the 
mean susceptibility has not been measured 
but was assumed to be Xm=—220-10-* fol- 
lowing Pascal’s formula. This value is 
somewhat small from the present view. 
When we combine the observed value of Xm 
(=—243-10~) with his data of anisotropy, 

we obtain 
—X,-10=113, 
— X;°10°=323. 
As coronene crystal belongs to monoclinic 
system, X; is equal to K,*®. Consequently, 
this value of X, (or K,) as well as JK are 
in good agreement with the corresponding 
values which are obtained using equation (1). 

Krishnan and Banerjee» have observed the 
mean susceptibilities and the anisotropies of 
single crystals of chrysene, pyrene and pery- 
lene. Their results are compared with the 


—X,:10°=293, and 


2) H. Shiba and G. Hazato, This Bulletin, 22, 92 
1949). 

3) M.T. Rogers. J, Am. Chem. Soc., 69, 1506 (1947). 
4) K. Lonsdale and K.S. Krishnan, Proc. Roy. Soc., 
London, A156, 597 (1936). 

5) a. K.S. Krishnan and S. Banerjee, Phil. Trans. 
Roy. Soc., A234, 265 (1935). b. S. Banerjee, Z. Krist., 
100, 316 (1939). 
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corresponding ones which were calculated in 
accordance with the equation (1) using our 
own observed values of mean susceptibility. 


Chrysene: (K. & B.)—%m-10*=160.7, 


(A. & M.) 168.5, 
Pyrene: (K. & B.)—%m-10*=154.9, 
(A. & M.) 148.6, 
Perylene: (B.) —%m-103=159.6, 
(A. & M.) 166.8, 


They are in pretty good agreement with 
each other, therefore, an empirical formula 
such as equation (1) is a useful expression. 

There is a little argument about the con- 
tribution of the number of aromatic rings 
to the diamagnetic anisotropy of the poly- 
cyclic hydrocarbon molecule. In the present 
case of coronene, 4K/4JKp=7.2, where 4Kz, 
the diamagnetic anisotropy of benzene, is 
—54-10-°. This value denotes approximately 
the number of aromatic rings in coronene 
molecule, whilst, the theoretical calculation 
by the molecular orbital method after London 
has been presented as 

4K/4dKp=9.796 (when S=0), 
and 4K/4Ksp=10.13 (when S=0.25), 

where S is the overlap integral®. The 
present result reveals that these calculated 
values are too large. 

Assuming JK =—(Ne?/4 mc?)S‘7?,, where p 

ry 


is the number of z-electrons and other 
symbols are the usual ones, the average 
effective radius of the z-electron orbitals 
vyv2 has been estimated. The result is 
\ v2=1.94A for coronene. Such a quantity 
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Number of carbon atoms. 
Fig. 1. »/7 is plotted against the number 


of carbon atoms. 


6) R. McWeeny, Proc. Phys. Soc., A64, 921 (1951); 
G. Berthier, M. Mayot, A. Pullman and B. Pullman, J. 
phys. radium., 13, 15 (1952). 
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is assumed as measuring the delocalized 
character of z-electrons in a molecule and 
increases linearly with the number of z- 


—K,-10°= 88.0, — 4K -10*=218. 
95.6, 219. 
—K,-10°= 80.6, —4K-10* =223. 
83.1, 197, 
—K,-10°= 95.5, — 4K -10' =192. 
102.4, 193. 


electrons in a series of hydrocarbons. This 
is shown in Fig. 1. This figure includes also 
the re-examined value for violanthrene 
Vr2= 1.74 A. 

The values of K,, 4K and jy? have been 
estimated in a similar way by the empirical 
formula for pentacene and other polyacenes. 
The results are shown in Table I. 


i.€., 


TABLE I 
im-10° —K,-10? —4K-10° ,/72( A) 
Naphthalene 92.2 57.0 106 1.57 
Anthracene 130.3 76.3 162 1.65 
Tetracene 168.0 95.6 217 1.69 
Pentacene 205.4 114.9 272 1.71 


The magnetic anisotropies of single cry- 
stals of these compounds have been pre- 
sented, excepting pentacene, and the observed 
values are as follows, 


K,-10°= 55.0, —4K-10'=114 
69.2, 183 
108.8, 154 


Naphthalene”) 
Anthracene” 
Tetracene”) 


In the case of tetracene, the discrepancy 
in 4K is great. However, this does not 
mean that the correctness of the empirical 
calculation is destroyed. It is rather un- 
natural for 4K of tetracene to be smaller 
than that of anthracene. The direct mea- 
surement oi anisotropy of a single crystal 
does not give necessarily the correct value, 
because it demands a delicate technique. 

From the present results, it is found that 
from naphthalene to pentacene the increment 
in 4K is —55-10~ per benzene ring, this 
value is equal to 4Kp, therefore, the dia- 
magnetic anisotropy increases proportionally 
with the number of benzene rings. 

Meanwhile, the molecular orbital calcula- 
tion for the diamagnetic anisotropies of these 
compounds have been presented as follows’?- 


4K(naphthalene)/4Kp=2.19(S=0), 2.22(S =0.25), 


4K(anthracene)/4Kp =3.45(S=0), 3.53(S =0.25), 
4Kitetracene)/4Kp =4.75(S=0), 4.88(S =0.25), 
AK(pentacene)/4Kp =6.06(S=0), 6.26(S=0.25) 


7) R. McWeeny, Pro. Phys. Soc., A65, 839 (1952). 
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The calculated values are again greater than 
the observed ones, and the discrepancy tends 
to be high the larger the molecule is. 

The mole susceptibility of pentacene was 
presented before, that is, —172-10-° by 
Miiller® and —183-10-° by Pacault®. These 
values are remarkably smaller than the pre- 
sumed value from the number of benzene 
rings in this molecule. In consequence, it 
has been frequently assumed that in poly- 
acene series the localization of z-electrons 
or even a paramagnetic contribution could 
take place when the molecule becomes larger. 
But it reveals, from the present results, that 


8) E. Miiller and I. Miiller-Rodloff, Ann., 517, 134 
1935). 

9) A, Pacault and Ch, Marshalk, Bull. soc. chim. 
France, 19, 141 (1952). 


this is not the case. The diamagnetic an- 
isotropy increases proportionally with the 
number of benzene rings, and this means, 
in the case of polyacene series, that the 
effective z-orbital radius becomes constant 
regardless of the number of aromatic rings, 
since the increment in the number of z- 
electrons is four per one benzene ring. 

We are grateful to Dr. E. Clar who kindly 
provided us with his samples of coronene 
and pentacene. Violanthrene and anthracene 
were prepared by Mr. J. Aoki to whom our 
hearty thanks are due. 


Department of Chemistry 
Faculty of Science 
The University of Tokyo 
Tokyo 


Internal Rotation in Amino Acids 


By Michiro HAyAsuI, Takehiko SHIMANOUCHI and San-ichiro MIZUSHIMA 


(Received April 12, 1956) 


Introduction 


Several models of proteins have been pre- 
sented'-?, They cannot differ much from 
one another in bond lengths and bond angles. 
The essential point in their difference lies in 
the manner of the chain-folding due to the 
internal rotation about single bonds contained 
in the polypeptide chain. 

With regard to the equilibrium angles of 
internal rotation in amides and related com- 
pounds we have published many papers*®”. 
The work has been extended to the study 
of equilibrium angles in amino acids based 
on the data of the X-ray structure analysis. 
The references for these data are as follows: 

pL-Norleucine (a-form); A.M. Mathieson, Acta 
Cryst., 6, 399 (1953). 


1 T. Shimanouchi and S. Mizushima, Kagaku, 17, 24, 
52 (1947); Bull. Chem. Soc. Japan, 21, 1 (1948); S. 
Mizushima, Advances in Protein Chemistry IX. 

2) H. Zahn, Z. Naturforschung, 2B, 104 (1947). 

3) E.J. Ambrose and W.E. Hanby, Nature, 163, 483 
(1949). 

4 L. Pauling, R.B. Corey and H.R. Branson. Proc. 
Natl. Acad. Sci, U.S., 37, 205 (1951). 

5) For the summary, see S. Mizushima, Structure of 
Molecules and Internal Rotation, Academic Press, New 
York (1954). See also ref. 1. , 

6, S. Mizushima, T. Shimanouchi, M. Tsuboi, et al., 
J. Am. Chem. Soc., 72, 3490 (1950); 73, 1330 (1951); 
74, 270, 4639, 5550 (1952); 75, 1863 (1953); 76, 2479, 
6003 (1954). 

7) T.Shimanouchi and S. Mizushima, J. Chem. Phys., 
23, 707 (1955). 


DL-Methionine (a-form); A.M. Mathieson, Acta 
Cryst., 5, 332 (1952). 

DL-Methionine (3-form); A.M. Mathieson, Acta 
Cryst., 5, 332 (1952). 

Hydroxy-L-proline; J. Donohue, Acta Cryst., 5, 
419 (1952). 

pL-Serine: D.P. Shoemaker, R. E. Barieau, J. 
Donohue and Chia-Si Lu; Acta Cryst., 6, 241 (1953). 

Glycyl-L-tyrosin hydrochloride; D.W. Smits and 
E. H. Wiebenga; Acta Cryst., 6, 531 (1953). 

a-Glycine; G. Albrecht and R. B. Corey, J. 
Am. Chem. Soc., 61, 1087 (1939). 

a-DL-Alanine; H. A. Levy and R. B. Corey, 
J. Am. Chem. Soc. 63, 2095 (1941), J. Donohue, /. 
Am. Chem. Soc., 72, 949 (1950). 

&-Glycylglycine; E. W. Hughes and W. J. 
Moore, J. Am. Chem. Soc., 71, 2618 (1949). 

N-Acetylglycine; G. B. Carpenter and S. 
Donohue, J. Am. Chem. Soc. 72, 2315 (1950). 

Ls-Threonine; D. P. Shoemaker, J. Donohue, 
V. Shoemaker and R. B. Corey, J. Am. Chem. Soc., 
72, 2328 (1950). 

DL-Glutamic acid hydrochloride; B. Dawson, 
Acta Cryst., 6, 81 (1953). 

Glycyl-L-asparagine; R. A. Pasternak, L. Katz 
and R. Corey: Acta Cryst., 7, 225 (1954). 

NN’-Diglycyl-L-cystine dihydrate; H. L. Yakel 
and E. W. Hughes, Acta Cryst., 7, 29 (1954). 


D(—)-Isoleucine hydrochloride; J. Trommel and 
J. M. Bijvoet; Acta Cryst., 7, 703 (1954). 
D(—)-Isoleucine hydrobromide: J. Trommel and 


J. M. Bijvoet; Acta Cryst., 7, 703 (1954). 
L-Glutamine; W. Cochran and B. P. Penfold, 
Acta Cryst., 5, 644 (1952). 
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L-Glutamic acid; S. Hirokawa, Acta Cryst., 8, 
637 (1955)*. 


The Method of Calculation 


In order to obtain equilibrium angles of 
internal rotation from the X-ray data, it is con- 
venient to express the positions of atoms in 
rectangular coordinate systems. 

The transformation from oblique coordinates 
to rectangular coordinates can be expressed 
aes 


X=AU, (1) 


where X and U are unit vectors in the rec- 
tangular and oblique coordinates, respectively 
and A is a matrix: 


a, bcos?f, ccosB 


0, bsinr, —© = ie 
‘in bsinr Sin? (OS @ cos B cos 7) (2) 
0 0 c (sin?*—cos?a—cos?f 

‘ siny +2cosacosfcos7) 


Here a, b, c are the lengths and a, £, 7, the 
angles of the unit cell in the oblique coordi- 
nate system. 

The equilibrium angle @ of internal rotation 
about X.-X; axis of the part X,—X.—X,-X, is 
calculated as: 

cos 0=+(AA'’+pyp'’+vv’), (3) 
where A, uw, v and A’, yw’, v’ are the direction 
cosines of the normals to the X,-X.-X; and 
X.-X;-X, planes, respectively. 

The results of the calculation are listed 


in Tables I-VI. Table I refers to the 


TABLE I 
6 ABOUT THE C—Ca AXIS IN 
O yNH?t 
~ C—Ca< 
O- ‘Ce— 

Compound NH? Ce 
a-DL-Norleucine 12. 5° 71.5 
a-DL-Methionine 33.5 90 
8-DL-Methionine 29.5 89 
Hydroxy-L-proline 3 114 
pL-Serine 4 126 
a-Glycine 13 a 
«-DL- Alanine 17 104.5 
Ls- Threonine 25 95 
pL-Glutamic acid hydrochloride 37 90 
pi —)-Isoleucine hydrochloride 6.5 138 
pi—)-Isoleucine hydrobromide 14 121 
L-Glutamine 51 —113 
L-Glutamic acid 43 77 
L-Glutamic acid hydrochloride 18 100 


internal rotation about the C—C, axis in 


* The author has calculated the equilibrium angles of 
internal rotation, 


Internal Rotation in Amino Acids 803 
OW /NH? 

— Doe -. The @ values of the NHf 
O \Ca— 


group lie in the range 0 to 37° and those of 
the Cg atom in the range —126° to —90° referred 


Z C—C, plane. An exception is made 
O 
for p(—)-isoleucine hydrochloride with the 0 
value of 138°. By some reason the Cg atom 


and the NH? group are on the same side of 


to the — 


O. 
the — DoCa plane. 


O 
TABLE II 
6 ABOUT THE C—Ca AXIS IN 
O, NH— 
— C—Ca 
Ov ‘Ca— 

Compound NH Ce 
a-Glycylglycine 0° — 
N-Acetylglycine 2.5 — 
Glycyl-L-tyrosine hydrochloride 37 174.5 
Glycyl-L-asparagine 63 173.5 
NN’-Diglycyl-L-cystine dihydrate 73.5 175 


Table II lists the @ values for the structure 

oO. 4 NH— 
— YC—-C.< 

oO 4 \ Cs— 


Those for the stable 


‘ positions of the —NH— group fall into two 


groups. One has the @ values almost equal 

to zero: i.e. the N atom lies close to the 
O 

— C—C, plane. In the other group the @ 
O 

values lie in the range ca. 40° to 70°. This 

difference is due to the presence of the Cg 

atom in the latter group which makes the 

steric relation in the molecule quite different 

from that of the former group. It is to be 

noted that the Cg atom lies on the other side 


* 


of the — C—C, plane with respect to the 
O”% 
N atom. 
The @ values of the C; atom of the struc- 
NH?(NH) . ; 
ture >Ca—Cp” are shown in 
CO; 


Table III. In some cases we have the OH 
group or S atom in place of the C; atom. 
The values lie in the three ranges, 50° to 
80°, 180° to 160° and —80 to —60°. These 
correspond, respectively, to the gauche, trans 
and gauche positions with respect to Ca—CO, 
and to the gauche, gauche and trans posi- 
tions with respect to Ca—-NH;(NH). In other 
words, the stable positions are almost the 
same as those found in simple molecules 
such as ClH,C—CH,Cl. 
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TABLE III TABLE V 
@ ABOUT THE Ca—Cg AXIS IN @ ABOUT THE C—C AXIS IN 
NH+(NH). Cc re eo 
~__ Ca—Ce’ . 
OOC’ O 
; Cc Note 
Compound jd ' ote Compound N(C) Note 
aa, Hovtencene i 8-Glycylglycine —146° 
«-DL-Methionine 7% Glycyl-L-asparagine 172 
8-DL-Methionine 179 i te Wie 
; 7 - OH in place Glycyl-L-asparagine 171 f Ne ec 
Ls- Threonine 177.5 of Cr of } 
‘ : F NN’-Diglycyl-L-cystine —170.5 
DL-Glutamic acid 157 : : a C in place 
hydrochloride as L-Glutamine -165 of X+ 
Glycyl-L-asparagine 173.5 ; 7 
p(-)-Isoleucine hydrochloride 160 TABLE VI 
ae 53 OH in place # ABOUT THE N—C AXIS IN 
DL-Serine a of Cy O 
p(—)-Isoleucine hydrochloride 79 | 
D( ; )-Isoleucine hydrobromide 65 NH—C 
L-Glutamine D4 c 
Glycyl-L-tyrosine ; ai) 
hydrochloride 1 _____ Compound C Note 
Ls- Threonine 63 Glycyl-L-tyrosine 177.5° C— = 
~atlppra ale os hydrochloride 
NN’-Diglycyl-L-cystine on 2 © mm. place — ; ; i _ 
dihydrate ees ae A-Glycylglycine 177.5 
p(—)-Isoleucine hydrobromide —60 it ep tas _ = 
L-Glutamic acid 180 ove -Diglycyl-L-cystine 154 CO: 
Glycyl-L-tyrosine 85 Cco.- 
TABLE IV hydrochloride , 2 
# ABOUT THE Cg—Cy AXIS IN NN’-Diglycyl-L-cystine ¢55 oy, 
‘ dihydrate = » 
Ca. 
Ca—Cr In addition to the axes of internal rotation 
‘Ce mentioned above we have the C—S axis in 
Compound Ca Note the structure of C—C—S—C and the S--S 
DL-Norleucine 179° axis in the structure of C—S-—S--C. The 
ean thd 177. —~*S in place @ values in the former in @ and § forms of 
or ee o of Ce pL-Methionine are 80° and 170°, respectively 
oe me = S im. place and that of the latter in NN’-diglycyl-L-cystine 
-DL-Me ine 6.< . ; . ° - = “ : 
8-Di- Methionine shoe of Co dihydrate is 101°. It is to be noted that in 
p(—)-Isoleucine hydrochloride 172 the S--S axis the dominant factor in deter- 
p(—)-Isoleucine hydrobromide 69 mining the @ value is the electronic clouds 
L-Glutamine 176 on the S atoms which are unsymmetrical 
L-Glutamic acid 90 about the S—-S axis”. In other cases where 
DL-Glutamic acid 180 the hindering of internal rotation mainl\ 
hydrochloride arises from the interaction between the rota- 
; ; : ting groups, the results obtained above for 
Table IV refers to the structure of Ca amino acids are compatible with our conclu- 


€3--C;—Cs which is similar to that of a 
segment of a normal paraffin molecule. This 
has been shown to be in the trans form (or 
the extended form) in the solid state. As 
shown in this table, the Cz atom is almost 
in the frans position with respect to the C, 
atom except for p(—)-isoleucine hydrobromide. 
Table V shows structure of NH—-C-—-C—N’*, 
Hl 
O 
including the similar structures with C in 
place of NH and with C or N in place of N*. 
NH (or C) is in the trans position with respect 
to N* (or C or N). 
Table VI refers to the structure of C—~NH 
ll 
O 
C--C. C=O is in the trans or the gauche 
position with respect to the C atom. 


8) S. Mizushima and T. Shimanouchi, J. Am. Chem. 
Soc., 71, 1320 (1949). 


sion of the ¢rams and gauche stable positions 
derived from the structure determination of 
many molecules containing the C--C, C-—-O 
and C--N axes”. The result obtained in the 
present work provides us with further infor- 
mation which would permit the reliable pre- 
diction of the structure of polypeptide chain. 


Summary 


Equibrium angles of internal rotation about 
single bonds in amino acids have been cal- 
culated based on the data of the X-ray struc- 
ture analysis. The result was similar to that 
obtained so far for many molecules containing 
similar bonds 


Chemical Laboratory, Faculty of Science 
The University of Tokyo, Hongo 
Tokyo 


9) Y.Morino and S. Mizushima, Sci. Pap. Inst. Phys. 
Chem. Res., Tokyo, 32, 220 (1937). 
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Investigation on Mixed Complex. I. Spectrophotometric Study of Mixed 
Complexes Formed by Cupric Ion and Bidentate Ligands 


By Sigeo KIDA 


(Received January 27, 1956) 


If two kinds of cupric complexes having 
bidentate ligands are dissolved to make a 
solution, the mixed complex is to be formed ; 
e.g., bisethylenediamine copper nitrate and 
potassium bisoxalato cupriate are expected 
to react in an aqueous solution and reach 
the following equilibrium. 

{Cu en.]**+[Cu oxs]-- == 2[Cu en ox] 

(en=ethylenediamine, ox=oxalate ion) 
This kind of e,uilibrium is expressed by the 
following general formula: 


MA,+MB, =— 2MAB (1) 
» _ (MAB)? 
Km= i 4,)(MB,) (2) 


where, M is the metallic ion of the coordina- 
tion number four, A and B are bidentate 
ligands. The reciprocal of Am corresponds 
to the dismutation constant introduced by 
Watters et al.” 

If the bond energies of M-A and M-B are 
not altered in the two sides of this equilib- 
rium, and there is no interaction between 
MAB, MA, and MBz, three complex species 
would be distributed entirely statistically; in 
this condition Am is equal to 4*. 

When the value of Km is found to be far 
from 4, we can conclude that the bond 
energies of M-A and M-B are affected by 
each other in the mixed complex. 

The determination of Km makes it possible 
to draw the absorption curve of the mixed 
complex by using the measured extinction 


1) R. De Witt and J. Watters, J. Am. Chem. Soc., 76, 
3810 (1954). jJ.1. Watters, A. Aaron and J. Mason, 
ibid., 75, 5212 (1953). J.1. Watters and E.D, Lougham, 
ibid., 75, 4819 (1953). 

* The statistical value of Km is found in the follow- 
ing way. Since, in this equilibrium, M exists always in 
combination with any one of pairs AA, BBand AB, instead 
of MAA, MBB and MAB. Let P44, Pggand P 4g be the 
probabilities with which the pairs of AA, BB and AB 
are found, when two particles are picked out from the 
nm particles of both A and B. 

nCz n—1 


P 4" Ppp 
44" OBO 


2(2n—1) 
= nCienC1 = n 

AB 2enCa 2n—1 

lim a Pr =} 


n—-o2 


P 


a 
lim Pap = 38 
n> 
1 ‘ 
(MAB)2 (3Xn)2 
Km=-—_— —= —=4 
(MAe) (MB2) (}xn)(} xn) 


data of the parent complexes, and it will be 
interesting to examine the absorption curves 
of the mixed complex and its parent com- 
plexes. 

However, there was no investigation on the 
mixed complexes of this kind, until the in- 
vestigations were reported by Watters et al. 
in very recent years. They succeeded in 
obtaining the formation constants of mixed 
complexes such as [Cu en P,O;]-~ and [Cu 
en ox], by using a newly devised “ isosbestic 
method ”’. The present author modified 
Watters’ isosbestic method, and by this method 
obtained the values of Km and the absorp- 
tion spectra of the following three mixed 
complexes, [Cu en ox], [Cu en aca]* and [Cu 
dgH aca], where aca and dgH denote acetyl- 
acetonate ion (C;H;O.-) and dimethylgly- 
oximate ion (C,H;O.N.-) respectively. 


Determination of Km 


From the equations (1) and (2) the follow- 


ing relations are derived. 
Km= 4x - (3) 
(€,—2X)(C2—X) 
D—£,C;—€2C2 
2¢3;—€2—€, 
D=e,(c,—x)+€2(¢3;—X)+2e3% (4) 
where c, and c. are concentrations of MA» 
and MB, respectively**, and ¢,, 2 and ¢€; are 


the molar extinction coefficients of MA», MBz. 
and MAB respectively. D is the measured 


x= 


cf ) of the solution in 


equilibrium. 2x is the concentration of the 
mixed complex. From the equation (4) 


optical density (1og 


D—€,C;—€2C2 


2é3;—€2—€ 


x= 
1 


is obtained. In the case of ¢;=me, 
D—e,¢,—€2Ce (5) 
€,(2m—1)—€2 


As will be seen from the following examples, 


= ¢, and c, are concentrations of MAg and MBs re- 
spectively, when it is assumed that, in the mixed solu- 
tion of MAz and MBs, MAB is not formed at all. Here- 
after such a concentration as the above mentioned will 
be called the ‘‘ initial concentration”’ of MAg or MBs. 
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the value of m is chosen for the convenience 
of the experiment (e. g., m=1, 2,3 or 5.5 etc.) ; 
and the wavelength where ¢; is equal to ms, 
is found in the following procedure. 

First, the optical densities of the solution 
containing MA, at the concentration Cy are 
measured, and then those of the solution 
containing MA, and MB, at the initial con- 
centrations c»—c and c’ are measured respec- 
tively. Provided that c and c’ are very small 
compared to ¢), and the equilibrium is not 
much shifted towards the left side of the 
following equation, the relation of the con- 
centrations may be considered to be: 

MA, +MB,——2MAB 
(Co—c—c’) (0) (2c’) 
Therefore, the condition that the extinction 
curve of MA.» (whose concentration is Cp) 
crosses with the extinction curve of the mixed 
solution at the wavelength where e,; is equal 
to me, is: 


£,Cy =€,(Co—C—C’) +2me,c’ 


, c 
ay ’ 2m—1 (6) 
Accordingly, if the initial concentrations of 
MA. and MB, are chosen as ¢y—c and c/2m—1 
respectively, (where c is a small variable 
value—e. g.. 510° or 1X10-* etc.), the ex- 
tinction curves of this mixed solution have 
the isosbestic point at ¢;=me, Thus, from 
the isosbestic point of these extinction curves, 
the wavelength where ¢; is equal to me, is 
readily found. Then, at this wavelength ex- 
tinction measurements are made on the mixed 
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Fig. 1. 


(cf. Table I) 
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solution of the parent complexes in appro- 
priate concentrations (see the curves of 6,7 
and 8 in Fig. 1 and Table I). From these 
data and the relations (2) and (4), Km is 
readily obtained. 


TABLE I 
(cf. Figs. 1 and 2) 
Curve c, x 102 C2 x 102 
1 1 0 
2 0.95 0.05 
3 0.9 0.1 
2 1 
4 2 
3 3 
i 1 1 
2 2 
1 2 
6 3 3 
7 0.1 0.9 
8 0.05 0.95 
y 0 1 
10 0.05 x ; 0.95 
11 0.1%! 0.9 
3 
€1 + ez 
12 9 
13 extinction of [Cu en ox] (calcd.) 
¢,: initial concentration of [Cu en2j*tt 


¢2: initial concentration of [Cu ox2>- 
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Fig. 2. (cf. Table I) (mp) 


In the case of ¢;=me, the procedure of 
determining Km is quite similar to that above 
mentioned. 

[Cu en ox]: The wavelength where ¢; is 
equal to ¢, was determined to be 600my by 
curves 1,2 and 3 in Fig. 1. The wavelength 
where ¢€; is equal to 2€, was determined to 
be 650my by curves 9,10 and 11 in Fig. 2. 
The wavelength where ¢é; is equal to ¢, was 
determined to be 706my by curves 7, 8 and 
9 in Fig.1. At these three wavelengths Km of 
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Fig. 3. (cf. Table II) 
TABLE II 
(cf. Fig. 3) 
Curve c, x 102 cy x 102 
14 1 0 
15 0.95 0.05 
16 0.9 0.1 
17 : 
3 3 
18 - 4 
1 2 
19 = 
3 3 
20 0.1 0.S 
21 0.05 0.95 
22 0 1 
23 eit & 
2 
24 extinction of [Cu en aca]* (calcd.) 


¢;: initial concentration of [Cu en,]** 


Ce: initial concentration of [Cu acagz] 


{Cu en ox] was calculated according to ( 
and (4) using the data of curves l, 4, 5, 
and 9 in Fig. 1. The results are given in 
Table V. 


[Cu en aca]*: 


2) 
6 


The wavelength where e; 


is equal to ¢, was determined to be 588 mz- 


from curves 14, 15 and 16 in Fig. 3. The 
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~~ 900 vs ~ B00 700 a 4 600 500 7 
Fig. 4. (cf Tabie III) (mp) 
TABLE IIi 
(cf. Figs. 4, 5 and §&) 
Curve ce, x10? Cy X10? 
25 0.2 0 
2 1 
26 2h — 0.2% 
3 3 
27 0.1 0.1 
1 2 
28 0.2x«. 6.2x— 
3 3 
29 0 Q.2 
30 0 1 
31 0.05 x 1 0. 95 
5 
- 1 
32 6.22— 0.9 
vo 
33 0.05 ! 0.95 
10 
34 01x] 0.9 
10 
35 €2 +e; 
ag 2 
36 extinction of [Cu dgH aca] (calcd.) 
c\': initial concentration of [Cu(dgH),] 
és : initial concentration of [Cu acap:] 


wavelength where ¢; is equal to ¢, was de- 
termined by curves 20, 21, and 22 in Fig. 3 
to be 684my. At these two wavelengths Km 
of [Cu en aca]* was calculated using the 
curves 14, 17, 18, 19 and 22 in Fig. 3 accord- 
ing to the method described above. The 
results are given in Table VI. 
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Fig. 5. (cf. Table III) Fig. 6. (cf. Table III) 
TABLE IV 


RESULTS OF THE EXPERIMENTS ON THE EQUILIBRIUM [Cu en2]**+([Cu ox2}-- == 2[Cuen ox], 
AT 20° IN AQUEOUS SOLUTION, IONIC STRENGTH WAS ADJUSTED TO 0.25 BY NaNO; 


Wavelength (mz) c, x10? C2 x 102 D £1 e2 e3 log Km 
2 1 ‘ ; ; 
600 : 4 0. 440 45.8 10.3 es 1.12 
600 ; ; 0. 404 ’ ” ’ 1.38 
1 2 i 
600 0.315 ” ” ” 0.91 
3 3 
; 2 1 
706 : ; 0. 249 11.4 33.4 e: 1.12 
706 ! I 0. 291 ” ” ” 1.11 
2 2 
706 l 2 0. 322 ” P ” 1.05 
3 3 
650 ; : 0.379 26.2 23.9 Qe, 1.05 
650 ; ; 0. 395 , ° . 1.13 
" 1 2 7” 
650 rs 3 0. 369 ” ” ” 1.03 
vo « 


Mean value of log Km=1.10 


C1, ¢2: initial concentrations of [Cu en)t* and [Cu ox]-— respectively 
D: optical bensity of the solution 
€1, €2, €3: molar extinction coefficients of [Cu en2]**+, [Cu ox2]-- and [Cu en ox] respectively 


[Cu dgH aca]: The wavelength where ¢; 34 in Fig. 6. At these two wavelengths Km 
is equal to 3c, was determined to be 674 myu of [Cu dgH aca] was calculated using curves 
from curves 30, 31 and in Fig.5. The wave- 25, 26, 27, 28 and 29 in Fig. 4. The results 
length where ¢«; is equal to 5.5 e, was deter- are given in Table VI. 
mined to be 582 my from curves 30, 353 and 
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TABLE V 
RESULTS OF THE EXPERIMENTS ON THE EQUILIBRIUM, [Cu en2]**++[Cu aca,] == 2[(Cu en aca]*, 
AT 20° IN 75% DIOXANE SOLUTION WHICH CONTAINS NaNO; IN THE CONCENTRATION OF 0.1 M 
} Wavelength cx 102 c, x 102 D e; £ e, log Km 
=99 4 1 - * ’ 
388 = : 0.510 53. 2 35.9 e 0. 42 
3 3 
588 : : 0. 484 ” » y 0. 40 
588 : . 0. 452 , y ” 0. 42 
} ' 2 l = 2 wa 
684 3 0. 272 17.0 35.8 £, 0. 49 
634 . . 0.305 , ” 0.39 
- 1 2 os , 
684 . 0.334 ” ” ” 0. 43 
o « 
Mean value of log Km=0. 42 
3 4 , “ ° 
C1» Cy: initial concentrations of [Cu enz2]** and [Cu acaz], respectively 
D: optical density of the solution 
ei Eos &,: molar extinction coefficients of [Cu en,]**, [Cu aca.] and [Cu(en) aca]* respectively 
TABLE VI 
RESULTS OF THE EXPZRIMENTS ON THE EQUILIBRIUM, [Cu(dgH)2]+[Cu aca;] == 2[Cu dgH aca], 
AT 20° IN 50% DIOXANE AND 50% ETHYL ALCOHOL MIXTURE 
Wavelength c’x10? ¢,’x10 D e e é., log Am 
(my) . 2 2 ; 
BN ; 
582 - 0. 446 3()2 36.0 ). Sey 1. 87 
82 1 l 0. 368 7 ” 7 1.99 
582 : 0. 269 ” ” ” 1.98 
v 5 
| _ 3 2 _ ‘ ¢ 7 
674 0. 235 143 38.0 32, 1. 96 
4 3 
674 1 l 0. 198 ” Y 4 1.97 
site 2 4 ss 7 on 
674 = 0. 165 y ” ” 1.97 
3 3 
Mean value of log Km=1.96 
c,, ¢,: initial concentrations of [Cu(dgH):] and [Cu acaz], respectively 
D: optical density of the solution 
€,, €» € : molar extinction coefficient of [Cu(dgH)2], [Cu acaz] and [Cu dgH aca] re- 
spectively 
TABLE VII 
Ww THE VALUE OF log Km 
S ? a 
(Cu en P207}-- (Cu en ox] [Cu en aca]J* [Cu dgH aca] a me 
Ss 
log Km 1. 70* 1.00*, 1.10 0. 42 1.96 0. 60 


* Data from the investigation of Watters and Lougham 
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Experimental 


Apparatus.—All extinction measurements were 
made by the Beckman DU Spectrophotometer 
using lcm. quartz cells. 

Materials.—[{Cu enz](NO;)2 was prepared from 
copper nitrate and ethylenediamine, and purified 
by recrystallization from a mixture of water and 
alcohol. K2[Cu 0x2] was obtained from cupric 
sulphate and potassium oxalate by heating them 
for a few hours on a steam bath, and purified 
by recrystallization from 0.1 M aqueous potassium 
oxalate solution. The crystal was heated in 
vacuum at 100°C., and desiccated over P20;. [Cu 
acaz] was prepared from cupric acetate and acetyl- 
acetone, and recrystallized from a mixture of 
benzene and chloroform. [Cu(dgH)s] was prepared 
from equivalent amounts of cupric acetate, di- 
methylglyoxime and caustic soda, and it was re- 
crystallized from alcohol. 

All these complexes were analyzed for their 
copper contents by iodometric titration. 

Solvent.—The solvent used for extinction meas- 
urements of [Cu en ox] was an aqueous solution 
of 0.01M potassium oxalate. To this 0.17M 
sodium nitrate was added to keep the _ ionic 
strength at about 0.25. Thus, solutions of 0.01 
mM [Cu ens]** and [Cu ox2}/-- were prepared by 
dissolving weighed amounts of each complex in 
this solvent. In the case of [Cu en aca]* the 
mixture of 75% dioxane and 25% water was used 
for the solvent, which contained sodium nitrate 
in the concentration of 0.1 mM. The solvent used 
for determining Km of [Cu dgH aca] was the 
mixture of 50% absolute ethyl alcohol and 50% 
dioxane. 


Results and Discussion 


The determination of Am by the method 
used in this investigation is possible only 
when hydrolysis such as, MA,+2H,0 =——? 
MA(H,O).+A, does not occur to a measure- 
able extent. To fulfil this requirement, it is 
necessary that the concentration of MA(H.O). 
be lower than 0.1% of that of MAs». Since 
the concentration of MA, used in this ex- 
periment is the magnitude of 10-*, the con- 
centrations of MA(H.O), and A must be lower 
than 10-°. Accordingly, it is necessary that 
the second consecutive formation constant 
(ke) of MA, be greater than 10*. 

According to the data of other studies”, 
k, of [Cu en,]** is 10%" and that of [Cu 
acaz] is 10*-'. In both cases the above re- 
quirement is fulfilled. 

As the formation constant of [Cu(dgH),] is 
not known, in the present experiment the 
extinction measurements were carried out in 
a water-free solvent in order to eliminate 
hydrolysis, though it is expected to be a con- 


2) G.A. Carlson, J.P. Mc Reynolds and F.H. Verhoek, 
J. Am. Chem, Soc., 67, 1334 (1945); M. Calvin and 
K.W. Wilson, ibid., 67, 2003 (1945). 
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siderably stable complex, from the analogy 
of the dimethylglyoxime complexes of other 
metals. 

Since [Cu ox.]-- is not so stable as to 
make it possible to ignore hydrolysis, (k,k.= 
10°-®)®, potassium oxalate was added to the 
solvent in the concentration 0.01 m to remove 
the error due to hydrolysis. On the other 
hand, the error due to the following equi- 
librium may be caused by the addition of 
the oxalate ion; 


[Cu en.]**+ox- —- = [Cu en ox]+en. 


But the extinction measurements of the solu- 
tion of [Cu en,] (NO;), containing 0.01 mM 
potassium oxalate showed that the results 
agreed well with those of solutions contain- 
ing no oxalate ion within the experimental 
error. Therefore, the error due to the addi- 
tion of oxalate can be ignored. 

If Watters’ isosbestic method is adopted, 
such elaborate considerations as have been 
made above are not necessary. In his method 
only the total concentration of copper is 
known (0.01 mM), and the concentration of the 
complexes in the solution is to be determined 
by calculation using the extinction data. For 
example, the concentration of [Cu en.]** can 
be determined by the following relation at 
the isosbestic point where ¢2 is equal to ¢;. 
Here ¢;. €2 and ¢; mean the molar extinction 


coefficients of [Cu en,]**, [Cu ox,]-- and 
{Cu en ox] respectively. 
(Cu en*++)= e—0.01e, 7) 
? €,—€3 


(where eé is the extinction of the mixed solu- 
tion). 

While, in the present method, as the con- 
centration of [Cu en.,]++ etc. is determined 
by direct weighing, its experimental error 
will be smaller than that calculated from the 
extinction data, and at the same time, will 
not be magnified in the process of calcula- 
tion. (In the process of calculation after (7) 
the experimental error may be multiplied 
several times.) 

The values of log Km determined are given 
in Table V. It can readily be seen from the 
table that the order of the value of Km is 


[Cu P.O; en]--~>[Cu en ox]> 
[Cu en aca]+>[Cu dgH aca]. 


Watters and De Witt ascribed the variety of 
the value of Km to the difference of the 
mutual ionic repulsion of ligands from their 
data of [Cu P.O; en]-~ and [Cu en ox]. The 
results of the present study also seem to 
support their suggestion. It is reasonable 


3) A.E. Martell and M. Calvin, “‘Chemistry of the 
Metal Chelate Compounds’, (1952), p. 516. 
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TABLE VIII 
COMPARISON OF THE ABSORPTION MAXIMUM OF THE MIXED 
COMPLEX WITH IT PARENT COMPLEXES 


Vmax Emax 
54.9 (55.1*) 59.8 (63. 1*) 
42.0 (42.3*) 33.2 (34. 7*) 
48. 45 (48.7*) 46.5 (48. 9*) 
48.5 (48.2*) 51.0 (49. 8%) 


{Cu ens]** 
[Cu ox2}-— 
Mean value 
{Cu en ox] 


[Cu aca>] 
Mean value 51.25 49.85 Mean value 47. 45* 
[Cu en aca]* 51.1 53.6 


Vmax Emax Vmax Emax 
[Cu en.]** 54.5 61.4 [Cu en,]** 54.3* 63.0% 
148.0 38.0 [Cu(P20;).}- 10.6*  27.5* 


45. 25* 


[Cu en P:0;)-~- 47.5* 43. 0* 


YmaxX10"%: the frequency of the absorption maximum (sec~') 
max: molar extinction coefficient of the absorption maximum 
Data from the investigation of Watters and Lougham). 


to consider that, in the case of [Cu en ox], 
electrical repulsion between ethylenediamine 
and oxalate ion is smaller than that between 
two oxalate ions, therefore, Am is greater 
than the statistical value. On the other hand 
in the case of [Cu en aca]+ and its parent 
complexes, the contribution of electrical re- 
pulsion of the ligand to Am is negligibly 
small, so the value of Km of this complex is 
expected to be near the statistical value. But 
the found value is smaller than the expected 
value. This fact cannot be sufficiently ex- 
plained by mere electric repulsion. For the 
complete interpretation further investigations 
will be necessary. 

The absorption curves of the mixed com- 


plexes aie shown with broken lines in Fig.:- 


1, Fig. 3 and Fig. 4. These curves were de- 
termined from extinction data of parent 
complexes and the mixed solution, and Am 
by using the relations (3) and (4). 

The absorption curve of the mixed complex 
is generally higher than the mean extinction 
curve of parent complexes which is shown 
with a dotted line in Fig. 1, 3 and 4. This 
is a very interesting fact for the investiga- 
tion of the electronic state of metallic com- 
plexes, considering together the previous 
data’**»® of aquo-ammine mixed complex of 
Cu(II), Ni(II), Cr(III) and Co(II) in which the 
similar relations are found. 

The absorption maxima of the mixed com- 
plexes are shown in Table VIII. From these 
data, it is readily seen that the frequency 
of the maximum absorption of a mixed com- 
plex coincides with the mean value of the 
parent complexes. This fact is also inter- 


4 J. Bjerrum ‘* Metal Ammine Formation in Aqueous 
Solution’’, P. Haase and Son, Copenhagen (1941,; R. 
Tsuchida, ‘‘The Colors and the Structure of Metallic 
Compounds’”’, Zoshindo, Osaka (1948 in Japanese). 


esting in consideration of the study of Shi- 
mura and Tsuchida™, in which the shift of 
the frequency of the first absorption maxi- 
mum of Co(III) ammine complexes was found 
to be proportional to the number of sub- 
stituted ligands. 

The detailed discussion of the absorption 
spectra of mixed complexes will be reported 


later. 


Summary 


The dismutation constants of the three 
mixed complexes [Cu en ox], [Cu en aca]* 
and [Cu dgH aca] were determined photo- 
metrically. The negative logarithms of their 
dismutation constants were found to be 1.10, 
0.42 and 1.96 respectively. 

By the use of determined, dismutation con- 
stants absorption spectra of these mixed 
complexes were found. The frequency of the 
absorption maximum was found to coincide 
with the mean value of the parent complexes. 
At the same time the absorption of the mixed 
complex is generally stronger than the mean 
absorption of the parent complexes. 

The author wishes to express his sincere 
thanks to Prof. R. Tsuchida, Osaka Univer- 
sity, for his kind advice and encouragement, 
and also to Prof. H Yoneda for helpful dis- 
cussjons. The extinction measurement was 
carried out in the laboratory of the Waka- 
yama Medical College, and the author is very 
grateful to Prof. O. Nagai for the hospitality 
shown to him. 
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5 J. Bjerrum, C.J. Ballhausen and C.K, Jorgensen, 
Acta Chem. Scand., 8, 1275 (1954). 

6 Y. Shimura and R. Tsuchida, This Bulletin, 28, 572 
1955). 
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Studies on Organic Reagents for the Colorimetric Analysis of Germanium. 


ITT 


Colorimetric Determination of Germanium with a New Reagent 


By Kenjiro Kimura and Masako ASADA 


(Received April 18, 1956) 


In the previous report”, it was demonstrated 
that a new compound, 2,6,7-trihydroxy-9 [4’- 
dimethylaminopheny]l]-fluorone (hereafter cal- 
led ‘“dimethylaminophenylfluorone’’), is a 
suitable reagent for the colorimetric deter- 
mination of germanium. In this paper, the 
authors describe a detailed procedure for 
the determination of germanium using this 
compound. 


Experimental 


As mentioned in the previous paper?) dimethyl- 
aminophenylfluorone forms a_ soluble complex 
with germanium in ethanolic solution containing 
hydrochloric acid. In order to use this compound 
as a colorimetric reagent, it was necessary to 
explore favourable experimental conditions under 
which a stable germanium complex is formed 
with adequate absorption for colorimetry. 

Reagents.—Standard germanium solutions: A 
series of solutions were prepared by the same 
procedure as described in the preceding paper?>. 

One tenth per cent dimethylaminopheny!l- 
fluorone solution (hereafter called ‘*‘ reagent solu- 
tion’’): One tenth gram of dimethylaminophenyl- 
fluorone was dissolved in a mixture of 80 ml. of 
ethanol and 5ml. of 6N hydrochloric acid. The 
resulting solution was diluted to 100ml. with 
ethanol. 

Effect of Acid Concentration on the Complex 
Formation.—Five milliliter portions of germa- 
nium standard solution were taken in 50-ml. 
measuring flasks. Then each solution was diluted 
to approximately 30-ml. with hydrochloric acid 
and water. The reagent was added to these 
solutions at room temperature. The final con- 
centrations of hydrochloric acid and the reagent 
in these solutions ranged from 0.3 to 1.5N and 
0.006 to 0.020% by weight respectively. When 
the volume of the reagent solution to added was 
less than 10ml., it was diluted to 10 ml. with 
ethanol before being mixed with germanium solu- 
tion. After mixing, the solution was diluted to 
50 ml. with water. The final solution contained 
34.7 wg. of germanium. A reference solution was 
prepared by similar procedure without germanium. 
The results are shown in Fig. 1. It is clear from 
Fig. 1 that at acid concentrations over 0.6N, the 
absorption of the complex decreases very slightly 
with the increase in acid concentration. At acid 


1) K. Kimura, K. Saito, M. Asada, This Bulletin, 29, 
635 (1956). 

2) K. Kimura, H. Sano, M. Asada, ibid., 29, 640 
(1956). 


concentrations between 0.3 and 0.6N, the absorp 
tion is almost constant. 

















10° 
“4 0.006 % 0.020% 0.016% 
Z 05 
F 
=< 
a ee 1 
0.5 1.0 1S 
Acid concentration (N.-HCl1) 
Fig. 1. Effect of Acid Concentration 
1.0- 
| 
F 
=< 
0.01 0.02 
Dimethylaminophenylfluorone concentration (%) 
Fig. 2. Effect of Dimethylaminophenyl- 


fluorone Concentration 


Effect of Reagent Concentration on the 
Complex Formation.—Test solutions were pre- 
pared by the same procedure as before and the 
effects of reagent concentrations were examined 
at hydrochloric acid concentrations between 0.3 N 
to 1.5N. When the solutions contain more than 
0.020% of dimethylaminophenylfluorone by weight, 
0.15% reagent was used. The results of the mea- 
surements of the absorption are shown in Fig. 2. 
From Fig. 2 it is seen that the absorption remain 
almost unchanged in a 0.5 N acid solution, without 
regard to the change in the concentration of the 
reagent. 

Effect of Time after the Addition of Reagent. 
—Five milliliters of a standard germanium solu- 
tion was taken in a 50-ml. measuring flask. After 
the addition of 5ml. of 6N hydrochloric acid, it 
was diluted to approximately 30 ml. with water. 
The solution was cooled down to room tempera- 
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ture, mixed with 10 ml. of 0.05% reagent solution 
and then diluted to a difinite volume with water. 
The reference solution was prepared by a similar 
procedure without germanium. After the solu- 
tion was kept in running water for thirty minutes 
at 6°C, the absorbancy was measured at 510 and 
320 my. The results are shown in Fig. 3. It 
seems that the development of color of the com- 
plex is complete in less than fifteen minutes after 
the addition of the reagent. 


1.0; 
510mp 


520m 
05+ 


Absorbancy 





Time (hrs.) 

Fig. 3. Effect of Time 
Effect of Temperature.—Test solutions were 
‘prepared by a similar method as described before. 
These solutions were allowed to stand for thirty 


10° 


| 510myz 


| 520 my 


Soa —_ 


Db 


0.5 


\bsorbancy 


ear > 
10° 20 30 


Temperature (C) 





minutes at various temperatures: 0°C, 6.0°C, 
7.0°C, 17.3°C and 30.2°C. The absorption of these 
solutions was measured at 510 and 520mz. The 
results are shown in Fig. 4. It is clear that 
temperature has no effect on the absorption of 
the complex in a range 0° to 30.2°C. At 0°C, 
however, a slight precipitation of the reagent was 
observed after two hours since the solution was 
prepared. Hence, it is desirable to measure ab- 
sorption within two hours after the reagent is 
added. 

Effect of Germanium Concentration.—The 
experiment was carried out by a procedure simiar 
to that used for the experiment on the effect of 
temperature. In this case, germanium concentra- 
tions of the solutions ranged from 0.0278 to 
1.25 wg. per ml. Each solution was introduced into 
a 50-ml. measuring flask and the volume was ad- 
justed to 50ml. Then the absorption of the 
solution was measured at 510 and 520my, res- 
pectively, after the solution was kept standing 
for thirty minutes at temperature of about 17°C. 
The results were tabulated in Table I, and were 
also shown graphically in Fig. 5. The calculated 
values in Table I were obtained by using an 
empirical formula which was derived by the ap- 
plication of the method of least squares. 


Absorbancy 








0 05 1.0 


pg/ml 
Germanium concentration 
--- Calculated value 





Fig. 4. Effect of Temperature Fig. 5. Calibration Curves 
TABLE I 
EFFECT OF GERMANIUM CONCENTRATION UPON EXTINCTION 
‘ , 510 mz 920 mp 
Germanium - pie Ss ig = 
Concentration + ‘ : alculated 
in Solution Drum “ae Difference Drum r ; Values Difference 
(ag/mil.) Readings (.x 1,024 C**) Readings (.% 0,911 C** 
0.003) 

0.0278 0.020 0.028 0.008 0.008 0.004 0.012 
0.0694 0.070 0.071 0.001 0.048 0.030 0.018 
0.139 0.142 0.142 0 0.112 0.094 0.018 
0.278 0.284 0.284 0 0.226 0.220 0.006 
0.416 0.429 0.426 0.003 0.348 0.346 0.002 
0.555 0.575 0.568 0.007 0.474 0.472 0.002 
0.694 0.707 0.711 0.005 0.585 0.599 0.014 
0.833 0.845 0.853 0.008 0.695 0.72 0.031 
0.970 0.980 0.993 0.003 0.860 0.851 0.009 
1.11 1.163 1.137 0.026 0.992 0.978 0.014 
1.25 1.28 1.280 0 1.178 1.106 0.072 


*e: extinction of the complex between germanium and the reagent 


“* C: concentration of germanium 
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From the results it is concluded that the values 
of extinction at 510 and 520mym can be used for 
the analysis in a range of germanium concentra- 
tion from 0.05 to 1.2 p.p.m. 

Reproducibility of the Extinction.—In order 
to check the reproducibility of the extinction of 
a solution containing germanium complex at a 
given concentration, experiments were repeated 
at certain intervals over a period of about one 
week. The experimental conditions were the 
same as before. The results were shown in 


Table II. 
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Li+, Na*+, K*, Rb*, Cst, NH«*, Mg?*, Ca?*, Sr?*, 
Bat*, Zn?*, Cdt+, Cut*, Hg**, As**, BP*, Pb**, 
Mn?*, Fe2+, Co?*, Ni2+, A+, Tit*, Cl-, F-, SO,2-, 
NO,-, CH,;,COO-, PO,*-, ByO;?-. 

Interference may result from the presence of 
a very large quantity of these ions, because under 
a great ionic strength they are apt to cause 
precipitation of either the reagent or the germa- 
nium complex. The degree of precipitation depends 
on the temperature. In the presence of 4.4g. of 
sodium chloride, no precipitate appeared at 30°C 
in 50 ml. of the solution containing germanium 


TABLE II 
TEST ON THE REPRODUCIBILITY 


(1) Measured at 510 mz 


Germanium 
Concentra- Run , + 3 — 
tion 2 1 ile it *” 
(ug/ml) 
0.276 0.267 0.256 0.272 0.265 0.2 
0.690 0.687 0.699 0.690 0.674 0. 
0.966 0.989 0. 


(2) Measured at 520 mz 


0.276 0.208 0.200 0.224 0.218 0.2 
0.690 0.571 0 579 0.576 0.590 0.5 
0.966 0.860 0. 


From these results, it is concluded that the 
reproducibility is satisfactory. But another series 
of experiments showed that the values slightly 
fluctuated when a different batch of reagent 
was used. Inorder to obtain a better reproduci- 
bility, the method for the purification of the 
reagent should be studied further. 

Effect of Other Elements.—The following ions 
interfere with the colorimetric determination of 
germanium using this reagent, Sn‘*({1), Sb’*(10), 
Zr‘*(100), Cet*(1), Fe’*(10), MnO,-(1). The nu- 
merical values in parentheses are maximum 
permissible ratios of interfering ions to germa- 
nium by weight. To eliminate the interference, 
the ratios of interfering ion to germanium in 
solution should be lower than these values. The 
wavelengths of absorption bands of these coloured 
compounds are similar to those of germanium 
complex. 

In the presence of a small quantity of oxidizing 
agent, the reagent solution shows an absorption 
at a wavelength near 500 my; this colour and 
that of the complex disappear when the solution 
is boiled. A large quantity of oxidizing agent 
completely prevents the development of the colour 
of the germanium complex. It is likely that the 
reagent was decomposed by an oxidizing reagent. 

When 50 mg. were present in 50 ml., the follow- 
ing ions failed to form any compound having 
absorption near 500 mz. This amount is appro- 
ximately one thausand times the weight of germa- 
nium in the solution. 


Number Probable 


-- — of Average Error of 
7° "* Measure- Value Observed 
ment Value 
0.284 0.271 7 0.270 
+0.002, 0.006 
690 0.707 0.700 7 0.692 
+0.002; 0.007 
982 0.980 1.000 i 0.985 
+ 0.003, 
218 0.226 0.225 7 0.217 
+0.002- 0.007 
989 0.585 0.590 7 0.583 
+ 0.0014 0.006 
852 0.860 0.860 { 0.861 


+0.000, 


complex and the reagent, whereas some precipi- 
tates are formed on standing at 6°C for one hour, 
in the presence of only 1.8g. of sodium chloride. 


Recommended Procedure 


A sample is exactly weighed, decomposed 
eigher with acid* or by fusion with alkali 
and extraction with hot water. After being 
cooled, it is transferred to a 300ml. round 
bottomed flask. If there is any possibility 
of the presence of an oxidizing reagent 
in the solution, an adequate quantity of 
ferrous sulphate should be added. The 
resulting solution is diluted to 70ml., to 
which 70 ml. of conc. hydrochloric acid is 
added and germanium is distilled. The distil- 
late is collected in a receiver containing 
approximately 20 ml. of water. The distilla- 
tion is continued until 50 ml. of the distillate 
are obtained. Then the distillate is trans- 
ferred to a measuring flask and diluted to 
100 ml. with water. The acid concentration 
of this solution is determined by titration 
with 3N sodium hydroxide. An aliquot of 
the solution containing germanium in a range 


* At the decomposition of the sample, hydrochioric 
acid and halide must not be present because germanium 
halide is easily formed and tends to escape from the 


solution. 





September, 1956] The Nature of the Urushibara Nickel Catrlyst as Revealed by Electron Diffraction 815 


from 3 to 60 wg is taken in a 50 ml. measuring 
flask and the acid concentration is adjusted 
to 0.5N by adding either sodium hydroxide 
or hydrochloric acid. It is diluted to appro- 
ximately 30 ml. with water and cooled down to 
room temperature. Ten ml. of 0.05% ethanol 
solution of dimethylaminophenylfluorone is 
added to the solution. Then the resulting 
solution is diluted to 50ml. with water. A 
reference solution is similarly prepared with- 
out germanium. The extinction of the solu- 
tion is measured at 510 and 520 my and the 
quantity of germanium is determined with 
the aid of calibration curves. 


Conclusion 


Although a new compound, dimethylamino- 
phenylfluorone, is not a specific reagent for 
germanium, the colorimetric method using 
this compound is recommended because of 
its simplicity. The advantage of this method 
is very similar to that of phenylfluorone 
method. Germanium is separated from inter- 


fering ions by distillation and the resulting 
solution is subjected to colorimetric analysis. 
The disadvantage of the phenylfluorone 
method consists in the fact that the germa- 
nium complex is insoluble or only slightly 
soluble in water and in organic solvents. 
In this new method such a disadvantage 
is eliminated. Dimethylaminophenylfluorone 
forms a soluble complex with germanium in 
ethanolic solution containing hydrochloric 
acid. The colour of the complex is stable. 
The extinction can be measured more easily 
than in the case of the phenylfluorone method. 
The only disadvantage of this method is that 
the molar extinction coefficient of germanium 
complex can not be obtained because the ex- 
tinction of the complex slightly fluctuates, 
when a different batch of the reagent is 
used. 


Department of Chemistry, Faculty of 
Science, The University of Tokyo 
Hongo, Tokyo 


The Nature of the Urushibara Nickel Catalyst as Revealed by Electron 
Diffraction 


By Yoshiyuki URuSHIBARA, Shigeto YAMAGUCHI and Michio KOBAYASHI 


(Received July 3, 1956) 


Nickel catalyst prepared by Urushibara and 
his coworkers’? has been studied by elec- 
tron diffraction. Electron waves of two ener- 
gies, one relatively hard and another soft 
were alternately used here in order to in- 
vestigate the surfaces of catalyst particles”. 
The harder electrons (wavelength, about 
0.02 A) were able to penetrate thick particles 
(thickness, about 5000 A)*®. On the other 
hand, the softer electrons (wavelength, about 
0.05 A) could graze only the surfaces of the 
particles. 

Metallic nickel was deposited onto zinc 
dust from a nickel chloride solution. The 
composite powder of Zinc-Nickel was treated 
with an acetic acid solution in order to dis- 
solve zinc partially and appropriately’. Ten 
grams of zinc dust and 3cc. of distilled water 
were placed in a round flask of 19 cc. capa- 
city and heated on a boiling waterbath. Ten 
cc. of an aqueous solution containing 4.04 g. 





1) Y. Urushibara S. Nishimura and H. Uehara, This 
Bulletin, 28, 446 (1955). 

2 S. Yamaguchi, Z. phys. Chem. N.F., 7,115 (1956). 

3) S. Yamaguchi, J. Appl. Phys., 25, 811 (1954). 


of nickel chloride, NiCl.-6H.O, were boiled 
and added to the zinc dust by means of a 
pipet, in a few seconds time accompanied by 
rapid stirring. The precipitate was collected 
on a glass filter by suction, washed with a 
small quantity of hot distilled water and 
quickly transferred into 160 cc. of 13% acetic 
acid. When the generation of hydrogen gas 
subsided, the product was filtered with a 
glass filter and washed with distilled water 
(50-60°C) and finally with alcohol. 

A sample of the powder gave a diffraction 
pattern of Fig. 1 with the harder electrons 
(wavelength, 0.0284 A). The positions and 
the intensities of the diffraction rings ob- 
served in Fig. 1 are illustrated in Fig. 2. In 
the diffraction pattern obtained, there are 
found diffraction rings corresponding to nickel, 
zinc oxide and zinc. The diffraction rings 
characteristic of nickel are quite diffuse, 
whereas those of zinc oxide and of zinc are 
comparatively sharp. It was impossible to 
observe nickel in this crystalline state by 
means of X-ray diffraction. 





= 
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Fig. 1. An electron diffraction pattern of 
the Urushibara nickel catalyst. 

The diffraction rings corresponding 
to nickel, zinc oxide and zinc. Nickel 
crystallites are very fine, whereas zinc 
and zinc oxide are granular. Wave- 
length, 0.0284 A. Camera length, 495 
mm. Positive enlarged 2.3 times. 





Ni(11l 
Ni(31) 
Ni (200) Ni(220 





7 


' Zn0101 
ZnO Zn(100) / Zn0' 103 
(100) Zn0‘110 
Fig. 2. Positions and the intensities of 
the diffraction rings are illustrated here. 


The same spot in the specimen as in Fig. 
1 was observed with the softer electrons 
(wavelength, 0.0490 A). A diffraction pattern 
of Fig. 3 was then obtained. In Fig. 3, dif- 
fuseness of the rings from nickel seems to 
be greater than would be expected from the 
electron wavelength applied (0.0490 A). This 
implies that the surfaces of the nickel par- 
ticles are nearly amorphous. As a matter 
of fact, there is no indication of refraction 
in the diffraction rings of Fig. 3, as well 





Fig. 3. Diffraction pattern from the same 
spot of the specimen as for Fig. 1. 
Very diffuse rings from nickel are found. 
Wavelength, 0.0490 A. Camera length, 
495mm. Positive enlarged 2.3 times. 


those of Fig. 1. The nickel in the Urushi- 
bara catalyst thus exists in a state of cry- 
stallites, and is not crystals. 

The Urushibara catalyst is composed of 
nickel, zinc and zinc oxide, as is demonstra- 
ted in Figs. 1 and 2. The coexistence of zinc, 
zinc oxide and nickel implies that zinc not 
only plays the part of a carrier, but also 
protects nickel from oxidation. This is be- 
cause of galvanic relation between zinc and 
nickel (formation of local cells). As long as 
metallic zinc exists in the catalyst, nickel 
can survive as active centres. This is the 
case with the Raney nickel catalyst. Zinc 
found in the Urushibara catalyst corresponds 
to the aluminum of the Raney catalyst. 


The authors wish to acknowledge gratefully 
the special grant extended by the Ministry 
of Education for the present study. 
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Synthetic Studies of Dictamnine, an Alkaloid of Skimmia Repens, Nakai 
I. The Synthesis of Dictamnal 


By Tadashi SATo and Masaki OHTA 


(Received April 15, 1956) 


The structure of dictamnine, an alkaloid 
of Skimmia repens, Nakai, was determined 
by Asahina to be 4-methoxy-[2,3-b]-furo- 
quinoline (I). Since then some other alka- 
loids (kokusagine, etc.) have been isolated 
and shown to be of furoquinoline type by 
analogous methods to that used by Asahina”?. 
Recently some experiments assuring these 
structures were reported”, but in none has 
it been possible to show definitely the 
existence of the furan nucleus. 

Synthetic studies of dictamnine were 
carried out by Asahina* and by Grundon™, 
but they could only obtain pseudodictamnine, 
an isomer of dictamnine. As an approach to 
the synthesis of dictamnine, we attempted 
to obtain quinolines, in which positions 2 and 
4 are substituted by groups different from 
each other. Although we have not yet been 
able to finish the synthesis of dictamnine 
itself, dictamnal, 
product of dictamnine, was first synthesized 
and its structure was ascertained. 

Starting from nor-dictamnal, we obtained 


which is a degradative~ 


compounds, it was ambiguous whether the 
compounds obtained were of the type II or 
III. 

This problem was solved spectroscopically, 
as shown below. 

When nor-dictamnal (IV) was refluxed with 
phosphorus oxychloride, tetrachloro deriva- 
tive V was obtained, accompanied by a 
small amount of trichloro derivative VI and 
a basic compound (m.p. 260°) whose structure 
has not been ascertained yet. The tetra- 
chloro derivative (V) was unexpectedly stable, 
being unable to react with conc. sulfuric acid, 
aniline, phenylhydrazine, and alkali, but gave 
the trichloro derivative (VI) when refluxed 
in acetic acid. The trichloro derivative (V1) 
gave acetal VII by a reaction with sodium 
methoxide in methanol. Treatment of this 
acetal (VII) with 10% hydrochloric acid 
afforded aldehyde VIII quantitatively. This 
aldehyde (VIII) gave methoxy derivative IX 
when refluxed with sodium methoxide in 
methanol. This product (IX) has properties, 
very close to those of dictamnal', the degra- 


a series of compounds (Fig. 1). As to these dative product of dictamnine. Namely, it 
OCH R R melts at 260°, is not easily soluble in most 
‘eas . - organic solvents, gives a phenylhydrazone of 
Ne A / NS m.p. 228°, and gradually dissolves in aqueous 

|| | | alkali to a yellow solution. But we are not 
; Ae ere sessi " ictam to 
PSN O/ NN ANZ. in posse sion of the natural dicta nal ) 
R, Re compare it with. Tetrachloro derivative V 
(1) (II) (III) gave acetal X by a reaction with sodium 
OH Cc) OCH, 
cI 3 
A-CHO \ A one : &.. Ny CHO CHsONa CHO 
N**OH , N7*0H NAHCO0CH 00c.H.| ~~ ~%”-0H N**0H 
vill) IX) 
| POCI, tetoxs 
eet een 
C) Cl , Cl __ocn Cl 
A \ on oy Sm,” NaOH gown 
cc. CH,COOH non NOCH. COOCH,J2)HC] N7*OCH,COOH 
Vv Wh XIV (XV) 
| CH,ONa 
OH acy OH OH OH 
Sot oc 4. HC) CHO + See OOH A > oa 
N7UCH, — yAOCHs SANA OCH; NAOH 
X) (X1) XI) (Xi) 


1 T. Asahina, Y. Ohta and M. Inubuse, Ber., 63, 
2045 (1930). 

2 Y. Asahinaand M. Inubuse, Ber., 63, 2052 (1930); 
R.J. Gell et al., Austral. J. Chem., 8, 422 (1955). 


3 (a T. Ohta and Y. Mori, Pharm. Buli. 3, 396 
1955). (b) M.F. Grundon, et ai., J. Chem. Soc., 1955, 


4) Y. Asahina and M. Inubuse, Ber., 65, 61 (1932). 
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methoxide in methanol. It was dissolved in 
dilute hydrochloric acid and, on neutralization 
with sodium hydroxide, gave a precipitate of 
aldehyde XI (m.p. 80°), an isomer of dictam- 
nal. Some amounts of white crystals were 
obtained from the filtrate on standing for a 
long time. On fractional recrystallization 
from dilute methanol, two amphoteric sub- 
stances were obtained (m.p. 110°, and m.p. 
172-3°). These seem to be XII and XIII, 
respectively, but the melting point of XII is 
not identical with the reported one (225°)'*?. 

Ewing et al.» reported on the influence of 
the position of the substituent upon the 
spectra of monohydroxyquinolines. From 
their data one can say as a whole that 
hydroxyquinolines of @-naphthol type (4-, 5- 
and 8-) have only one maximum over 250 mu 
(about 320myu) while #-naphthol types (2-, 
3-, 6- and 7-) have two maxima in the same 
region (275 my and 330 mp). Of these quino- 
lines, 2- and 4-hydroxyquinolines can take 
keto-forms as well as_ phenol-forms. In 
practice the spectra of these two are un- 
affected in 1/100N alkali, contrary to the 
practice of all the other derivatives. When 
the concentration of the alkali increases to 
10%, the spectrum of 2-hydroxyquinoline 
shifts, while that of the 4-isomer is not 
affected even in the concentration of 50%. 
This fact shows that both of them exist as 
the keto-forms but the 2-isomer takes the 
phenol-form in alkali more easily than the 
4-isomer. By making the solutions alkaline, 
all the curves of hydroxyquinolines of a- 
naphthol type shift, but, in case of P-type, 
it is characteristic that the short-wavelength 
absorption maximum flattens. 

Keeping these data in mind we measured 
the ultraviolet spectra of the above men- 
tioned compounds (VI-IX) (Figs. 2-5). The 
spectra of all these compounds are very 
similar to those of hydroxyquinolines of #- 
naphthol type, especially to that of 2- 
hydroxyquinoline. (Although the spectrum 
of dictamnal deviates a little from the others, 
it shows at least the same inclination.) It 
is to be noted here that the substituents at 
position 3 do not affect the spectra and the 
acidity of these quinolines is so strong as to 
cause the flattening of the short-wavelength 
absorption maxima even in the alkali con- 
centration of 1/100 N and as not to be affected 
in acid concentration of 1/100 N. From these 
facts it can be concluded that all these 


* R.F.C. Brown reported that this value was not 
correct Austral. J. Chem., 7, 384 (1954). 

5) G.W. Ewing and E.A. Steck, J. Am. Chem. Sorc., 
68, 2181 (1946); ibid, 71, 238 (1949). cf. B. Witkop 
et al., J. Am. Chem, Soc., 73, 2641 (1951). 
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compounds (VI-IX) are 2-hydroxyquinoline 
derivatives. 

Contrary to the spectroscopic behaviors of 
the above mentioned compounds (VI-IX), the 
spectra of X and XI (Figs. 6 and 7) are not 
like those of f#-naphthol types. They are 
affected in acid but not in alkali. Moreover, 
the spectra of both compounds are very 
different from each other in either neutral 
or alkaline solution, while they are similar 
in acid solution. It can be supposed from 
these facts that these compounds are 4- 
hydroxy derivatives and exist as the keto- 
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chloroquinoline (VI). 
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Fig. 4.  2-Hydroxy-3-formyl-4-chloroqui- 
noline (VIII). 
- neutral — s+ee6« acid —-— alkali 





log « 








3.0 F 
- == 1 
250 300 350 
A(myp) 
Pie. 3. 2-Hydroxy-3-formy!-4-methoxy- 
quinoline (IX). 
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forms. The extinct absorption maximum of 
XI at 297 mp (loge, 3.9) is supposed to be 
caused by the partial structure like XVI. In- 
deed, the other compounds having such struc- 
tures (3-acyl-2,4-dihydroxyquinoline, XVII, 
and 3-acyl-4-hydroxycoumarin, XVIII) show 
strong absorption in the same _ region”. 
Acetal X lacking this structure, therefore, 


Oo O Oo O 
(Cy /Cxp 
‘N“SOH 7 
H 
(XVI) (XVII) 


f K. Tomita, J. Pharm. Soc. Japan. 71, 1100 (1951). 
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Fig. 7. 2-Methoxy-3-formyl-4-hydroxy- 
quinoline (XI). 
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exhibits a very different spectrum. But, in 


acid solution, that is in protonated state, 
the enol-form (XX) is supposed to be more 
stable than the keto-form (XIX); so that the 
influence of the substituent at position 3 
disappears and the spectra of X and XI 
become similar. Indeed, both the spectra in 


OH R O OH 
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OQ rR \NZ YY SN 
>) H 2 
H H 
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Fig. 8. 3-Formyl]-4-chloroquinoly]-2-glycolic 
acid (XV). 
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acid solution are very similar to that of XV 
Fig. 8), which can take only an enol-form 
like XX. 

In order to synthesize dictamnine, we tried 
to get a compound of the type XV. The 
previously mentioned acetal (VII) is fairly 
acidic and, when a sodium methoxide solution 
was added to its methanol solution, a sodium 
salt was obtained. From the aqueous solution 
of this sodium salt a precipitate, supposedly 
a silver salt, was obtained by the addition of 
aqueous silver nitrate. Its purification, how- 
ever, was difficult. It was soluble in toluene 
and seemed to have reacted with ethyl bro- 
moacetate, but the substance obtained from 
the reaction mixture was only the starting 
acetal (VII). The sodium salt, moreover, did 
not react with ethylene oxide. The acetal 
(VII) did not react with ethyl diazoacetate 
even at 160°, but it did at 110° in the presence 
of copper powder to give an oil which was 
supposed to be XIV”. This was directly 
hydrolysed by aqueous alkali and acidification 
with hydrochloric acid gave XV. The cycli- 
zation to make furan nucleus is being carried 
out at present. 


Experimental 


Absorption Spectra.—All spectra were meas- 
ured with Beckman Quartz Spectrophotometer, 
Model DU. 

Solvents.—(a) Neutral: Commercial methanol 
was once distilled. (b) Acid and alkaline: One 
cubic centimeter of tenth normal aqueous solu- 
tions of reagent grade hydrochloric acid (f =1.27) 
and sodium hydroxide (f +0.941) were diluted with 
methanol to 10 cc. 


= 


7) J. Maas et al., Rec. trav. chim., 74, 175 (1955). 
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2,4-Dichloro-3-dichloromethylquinoline (V). 
—Fifteen grams of nor-dictamnal (IV) was 
refluxed with 110cc. of phosphorus oxychloride 
for ninety minutes. The brown solution was 
gradually poured into crushed ice with constant 
stirring. After standing overnight, the separated 
crystals were collected. Yield 20g. They were 
washed with 15% hydrochloric acid and the in- 
soluble matter was recrystallized from dilute 
methanol. White needles, m.p. 125.5-5°. Yield 
13 g. 

Aual. Found: C, 42:25; MH, 286: MN, 5.31. 
Calcd. for CyjH;NCl,: C, 42.70; H, 1.78; N, 4.98%. 
From the mother liquor, a small amount of 
trichloro derivative VI was obtained (see below). 

2 - Hydroxy-3-dichloromethyl-4-chloroquino- 
line (VI).—Tetrachloro derivative V (5.5 g.) was 
refluxed with 30cc. of glacial acetic acid for 
ninety minutes. Hydrogen chloride was soon 
evolved and crystals began to separate in one 
hour. After cooling the precipitate was collected 
and washed with acetic acid. It was fairly pure 
and used for the succeeding reactions without 
purification. Yield 3g. The sample for analysis 
was obtained by recrystallization from glacial 
acetic acid. White needles, m.p. 253°. 

Anal. Found: C, 46.31; H, 2.60; N, 6.02. Calcd. 
for CisH;NOCI,: C, 45.63; H, 2.28; N, 5.34%. 

2 - Hydroxy-3-dimethoxymetiy1-4-chloroqui- 
noline (VII).—Four grams of crude substance VI 
was suspended in 40 cc. of methanol and 50cc. of 
a sodium methylate solution, containing 1.5g. of 
sodium, was added. The solid dissolved imme- 
diatety to give a yellow solution, but soon after, 
a white solid was deposited. After being refluxed 
for ninety minutes, the solid was collected, washed 
with methanol, and dissolved in hot water. After 
the insoluble matter was filtered off, aqueous 
ammonium chloride was added to the _ yellow 
filtrate to precipitate a white crystalline substance. 
t was fairly pure and used for succeeding reac- 
tions without purification. m.p. 163°. Yield 2g. 
The sample for analysis was obtained by recry- 
stallization from dilute methanol. m.p. 164-5 

Anal. Found: C, 56.11; H, 4.95; N, 5.23. Calcd. 
for CyHi2NO3;Cl: C, 56.69; H, 4.74; N, 5.53%. 

Sodium Salt of 2-Hydroxy-3-dimethoxy- 
methyl-4-chicroquinoline.—To a hot solution 
of lg. of VII in 50cc. of methanol, 40 cc. of a 
sodium methylate solution, containing 1.2g. of 
sodium, was added. On cooling, white needles 
were obtained. m.p. over 250°. Yield 0.85¢. 
The substance was dissolved in hot water and 
on adding aqueous ammonium chloride, VII was 
recovered. 

Anal. Found: N,°4.90, Caled. for Cy2H;,NO;CINa: 
N, 5.07%. 

3-Formyl1-4-chloroquinol-2-yl-glycolic Acid 
(XV).—Two grams of acetal VII was intimate!y 
mixed with 0.4g. of copper powder, and lg. of 
ethyl diazoacetate was dropwise added during a 
period of forty-five minutes at 110-120°, with con- 
tinuous stirring. The reaction mixture was kept 
at 130° for an additional fifteen minutes and cooled. 
To the brown paste a small amount of ether was 
added, and the unchanged siarting material and 
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copper powder were filtered off and washed with 
ether. The filtrate and washings were combined 
and ether was evaporated. The residual oil was 
heated with 40cc. of 10% aqueous sodium hydro- 
xide at about 50° to complete solution. Acidifica- 
tion of the solution with hydrochloric acid gave 
a yellow oil which soon solidified. Recrystalliza- 
tion from benzene gave XV in light yellow needles 
melting at 162°. 

Anal. Found: C, 54.23; H. 3.56; N, 5.65; 
Cl, 13.0. Caled. for CiHsNO,Cl: C, 54.13; H, 
3.01; N, 5.26; Cl, 13.4%. 

2-Hydroxy-3-formy1-4-chloroquinoline(VIII . 
—Acetal VII was suspended in a small amount of 
10% aqueous hydrochloric acid and warmed for 
ten minutes. The insoluble matter was collected 
and recrystallized from methanol. Yellow need- 
les, m.p. 268°. 

Anal. Found: C, 57.95; H, 3.14: N, 6.92. Calcd. 
for CyH;NO2CI: C, 57.69; H, 2.89; N, 6.75%. 

2-Hydroxy-3-formyl-4-chloroquinoline Phe- 
nylhydrazone.—Aldehyde VIII and phenylhydra- 
zine were heated in methanol for thirty minutes. 
On cooling, the yellow needles were recrystallized 
from methanol, m.p. 233°. 

Anal. Found: N, 13.92. Calcd. for C;;H;2N;OCI: 
N, 14.09%. 

2 - Hydroxy -3-fermyl-4- methoxy quinoline 
(dictamnal) ([X).—Two grams of aldehyde VIII 
were refluxed with 9cc. of methanol and 9cc. of 
a sodium methylate solution, containing 0.27 g. of 
sodium, for two hours. During this period the 
form of crystals changed. The light yellow solid 
was collected and washed with water. It was 
recrystallized from a large amount of methanol. 
White needles, m.p. 260°. 

Anal. Found: C, 64.62; H, 4.56; N, 7.17. Calcd. 
for C,,;H»NO;: C, 65.02; H, 4.46; N, 6.89%. 

2 - Hydroxy - 3-formyl- 4- methoxy quinoline 
Phenylhydrazone.—Aldehyde IX and _ phenyl- 
hydrazine were heated in methanol. Addition of 
water gave yellow needles. They were recry- 
stallized from methanol, m.p. 228°. 

Anal. Found: N, 14.28. Caled. for C,;H;;N;0:2: 
N, 14.33%. 

2-Methoxy- 3 -dimethoxymethyl- 4-hydroxy- 
quinoline (X).—The tetrachloro derivative (V) 
(4.3 g.) and 60cc. of a sodium methylate solution, 
containing 1.8g. of sodium, were refluxed for 


ninety minutes. After standing overnight the 
solid was filtered off. The filtrate was concen- 
trated in vacuo to about 40cc., and water was 
added. The separated oil was taken up in ether, 
and the ethereal solution was evaporated. The 
residual oil soon solidified. A small amount of 
the solid was recrystallized from dilute methanol 
for analysis. White needles, m.p. 62-4°. 
Aad. Found: C. 62.37; H. 6.27; N, 5.44. 
Calcd. for C,;3H;,NO,: C, 62.64; H, 6.07; N, 5.62%. 
2 - Methoxy - 3 - formy1- 4- hydroxy quinoline 
(XI).—The crude acetal (X) was suspended in 
water and 18% aqueous hydrochloric acid was 
gradually added until all the solid was dissolved. 
The solution was warmed for some time and made 
alkaline with aqueous caustic soda. Repeated re- 
crystallizations of the separated solid (A) from 
dilute methanol gave XI in white needles melting 
at 82-3°. 
Anal. Found: C, 65.43; H, 4.81; N, 6.88. 
Calcd. for C;,HeNO;: C, 65.02; H, 4.46; N, 6.89%. 
2 -Methoxy-4-hydroxyquincline-3-carboxylic 
Acid (XII).—The alkaline mother liquor, from 
which the solid (A) was removed in the above 
process, gave some amounts of crystals on stand- 
ing for a few days. They were disso!ved in 
water and the solution was neutralized with 
aqueous hydrochloric acid. An amphoteric sub- 
stance was obtained. Recrystallization from 
dilute methanol gave XII in white needles melting 
at 110°. Soluble in aqueous sodium bicarbonate. 
Anal. Found: C, 60.10; H, 4.02; N, 6.83. 
Calcd. for C,;,HyNO,;: C, 60.27: H, 4 14; N, 6.39%. 
2, 4-Dihydroxy quinoline-3-carbexylic Acid 
(XIII).—From the mother liquor in the above 
recrystallization process, white needles were 
obtained by adding water. Recrystallization from 
dilute methanol gave XIII in white needles melting 
at 172-3°. Soluble in aqueous sodium bicarbonate. 
Anal. Found: C, 58.26; H, 3.30; N, 6.85. 
Calcd. for CjH;NO,: C, 58.54; H, 3.44; N, 6.83% 


The authors are indebted to Mr. A. Kondo 
for the microanalyses. 
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A Synthesis of +-Alkylbutyrolactones from Furfural and a Lower Group 
of Methyl Ketones 


By Yoshio TERAI and Toyosuke TANAKA’ 


(Received June 20, 1956) 


Although 7-alkylbutyrolactones are a group 
of the most important of all the synthetic 
perfumes, the lactones are used only to a 
limited extent by the perfume industry. It 
seems likely that only two compounds-namely ; 
T- alactone (commonly known as coconut 
aldehyde) and 7-undecalactone (peach alde- 
hyde) are practically manufactured®. Their 
limited use is due to the lack of suitable raw 
materials. The authors have found that 
Clemmensen reduction of 7, €-dioxocarboxylic 
acid gave successfully 7-alkylbutyrolactone 
in excellent yield. 7,€-Dioxocarboxylic acid 
could be obtained by furan-ring opening of 
furfurylidene ketone, as the condensation 
product between furfural and methy] ketone. 
Thus this paper concerns a new method for 
preparation of /7-alkylbutyrolactones from 
furfural and a lower group of methyl] ketones, 
as illustrated by the formulation described 
below. 


_ j-CHO = ‘- 
O O 


ring-opening 
> HOOC(CH:);-C-(CH2)2-C-R 
O oO 


R=CH;, C2H;, (CH;)2CH-CHz and (CH;)2C =CH 


The condensation for furfurylidene ketone 
by aqueous sodium hydroxide was carried 
out between furfural and a series of acetone, 
methyl ethyl ketone, methyl isobutyl ketone 
and mesityl oxide by the usual procedure*”, 
and corresponding furfurylidene ketones were 
obtained. In the reaction of furfural with 
mesityl oxide, of which some different results 
were reported by Surmin”, furfurylidene 
mesityl oxide (b. p. 128-132°/5mm.) was dis- 
tilled, accompanying furfurylidene acetone 


1) To whom inquiries concerning the paper should be 
directed. Saitama University, Urawa. 

2) P.Z. Bedoukian, ** Perfumery Synthetics and Iso- 
lates"’, D. Van Nostrand Co. Inc., New York, N.Y. 
(1951), p. 271. 

3) H. Gilman and A.H. Blatt, ‘‘ Organic Syntheses”’, 
Coll. Vol. 1, John Wiley and Sons, Inc., New York, N.Y. 
(1948), p. 283. 

4) H. Midorikawa, This Bulletin, 27, 149 (1954), 
ibid., 27, 210 (1954). 

5) P.P.Surmin, J. Gen. Chem., 5, 1642 (1935); C.A., 
30, 3430 (1936). 


and difurfurylidene acetone as by-products. 
Surmin obtained exclusively amorphous fur- 
furylidene mesityl oxide (m.p. 140-145°) 
without these by-products. The furfurylidene 
mesityl oxide gave, on furan-ring opening 
reaction, 7,-dioxocaprylic acid which is 
identical with ring-cleavage product of fur- 
furylidene acetone. This shows that the iso- 
propylidene group in the ketone is broken 
down in acidic or alkali solution of an elevated 
temperature. 

Hitherto 7, &-dioxocarboxylic acid has been 
synthesized by means of refluxing furfury]- 
idene ketone in alcoholic hydrochloric acid 
for a comparatively short period with slight 
yield®. We improved Hunsdiecker’s method’? 
which was applied on ring-cleavage of fur- 
furylidene acetone with good results. In our 
study furfurylidene ketone was added to re- 
fluxing solution of alcoholic hydrochloric acid 
for a period of sixty hours and correspond- 


/-CH=CHC:R 
O 


Clemmensen reductn. 


> OC(CH2)2-CH-+(CHz);-R 
| a 


ing 7,€-dioxocarboxylic acid was gained in 
steady and excellent yield. 

Ohkawara® and Grundmann et al.* de- 
scribed that various reductions of ¢-nitro-7- 
oxocaproic acid, with an attempt to get «- 
aminocaproic acid gave ¢-amino-7-oxocaproic 
acid, isoxazolylpropionic acid or 7-caprolactone 
instead of the required compounds. Taking 
into account these facts, we tried Clemmensen 
reduction on 7,f-dioxocarboxylic acid and, 
indeed, could obtain 7-alkylbutyrolactone in 
good yield. 7,€-Dioxocaprylic acid, 7, €-di- 
oxopelargonic acid, and 7,f-dioxo-0-methyl- 
capric acid, were smoothly reduced to 7f- 
octalactone, 7-nonalactone and 6-methyl-7- 


6) E.A. Kehrer and P. Igler, Ber., 32, 1177 (1899), 
F.L. Breusch and E. Ulusoy, Rev. faculté sci. univ. 
Istanbul, 13 A, 51 (1948); C.A., 42, 5850 (1948). 
M. Ohkawara, J. Chem, Soc. Japan, (Ind. Chem, Sect.), 
56, 90 (1953). 

7 H. Hunsdiecker, Ber., 75, 447 (1942). 

8) C. Grundmann and W. Ruske, Ber., 86, 939 (1953). 
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decalactone in 76%, 73% and 66% respec- 
tively. The butyrolactones were identified 
by comparison of their hydrazides with those 
of authentic butyrolactones prepared by ano- 
ther method. 6-Methyl-7-decalactone is a new 
compound and a liquid of strong odor, recalling 
that of cocos in a concentrated state and of 
peaches in a diluted state. It may be said to 
have greater odor value than 7-undecalactone. 


Experimental 


Condensation of Furfural with Methyl 
Ketones.—The condensation was carried out ac- 
cording to the well-established procedure of 
Midorikawa*,*), To a mixture of furfural and 
methyl ketone in water was at once added aqueous 
sodium hydroxide and the suspension was stirred 
for an hour as expected at a definite temperature. 
The reaction mixture was neutralized with acetic 
acid. The separated oily layer was subjected to 
distillation. The results are shown in Table I. 


Furfurylidene mesityl oxide is a viscous and 
slightly yellowish liquid (yellow amorphous sub- 
stance of m.p. 140-145° according to Surmin®) 
and does not easily show the formation of semi- 
carbazone, hydrazone or bisulfite-addition product. 
B. p. 128-132° (5 mm). 

Anal. Found: C, 74.47; H, 
Cy,H1202: C, 74.97; H, 6.86%. 

Ring-opening of Furfurylidene Ketones.— Al! 
runs were carried out according to the following 
general procedure. 30g. of furfurylidene ketone 
dropped onto a refluxing mixture of 150cc. of 
conc. hydrochloric acid and 300cc. of methanol. 
The addition required sixty hours. After evapo- 
rating methanol and hydrochloric acid under re- 
duced pressure, the crystallized residue was 
pressed on a porous plate. Once recrystallization 
from petrolether-ethyl acetate gave 1, ¢-dioxocar- 
boxylic acid as shown in Table II. 


Calcd. for 


7.05. 


Clemmensen Reduction of 7,--Dioxocar- 
boxylic Acids®.—The general procedure of the 
reduction is illustrated as follows: A mixture 


TABLE I 


Grams 


Reactn. Reactn. 


- a Furfural aq. NaOH, cc. 7:..,  Condn. B.p., Yielda, 
Rotone a g. 5% 10% 33% — — Product °C mm % 
Acetone 32 25 — — 5 10-20 1 FA and 95-96 6 66 
DFA 181-184 4 28 
Methyl Ethyl Ketone 50 25 — 25 -- 60 1 FMEK 103-1046 77 
Methyl! Isooutyl Ketone 50 25 18 _— _ 60 2 FMIBK 116-1175 80 
Mesityl Oxide 50 25 16 — — 60 FMSO, 128-1325 17 
FA and 95-96 6 16 
DFA 181-184 4 — 
a) Yield was based on furfural. FA refers to furfurylidene acetone, DFA to difurfuryl- 


idene acetone, FMEK to furfurylidene methyl ethyl ketone, FMIBK to furfurylidene methy] 
isobutyl ketone and FMSO to furfurylidene mesityl oxide. 


TABLE II 


> . Reactn. 
F we Time, Reactn. Product 
hr. 
FA 60 1,¢-Dioxocaprylic acida) 
FMEK 60 1,¢-Dioxopelargonic acid 
FMIBK 60 1%,¢-Dioxo-é-methyl capric acid 
FMSO 60 1,¢-Dioxocaprylic acid») 
a, b) 


M. p., Yield, Carbon, % Hydrogen, % 
Cc % Found Calcd. Found Calcd. 
75-76» 500) 55. 85 55. 80 7.22 7.03 
85-86 24 58.07 58. 05 7.55 7.58 
802%) a 61.7% 61. 66 8.34 8.47 
75-76 30 “= — — - 


The mixture melting point with a) and b) was not depressed. 


TABLE III 


%,¢-Dioxocarboxylic Acid Product 


7-Octalactone 
T-Nonalactone 


T,¢-Dioxocaprylic Acid! 
T,¢-Dioxopelargonic Acid! 
1, ¢-Dioxo-é-methylcapric Acid 


Fractionation of condensation product of fur- 
fural with mesityl oxide gave furfurylidene 
acetone (b. p. 95-96°/6 mm.), furfurylidene mesityl 
oxide (b. p. 128-132°/5 mm.) and the last distillate 
4b. p. 181-184°/4 mm.) whose boiling point approxi- 
mately corresponds to that of difurfurylidene 
acetone. 


6-Methyl-7r-decalactone 


Hydrazide 


B.p., Yield, M. p., Nitrogen, % 
°C, mm. % °C Found Calcd. 
102-105 5.5 76 79-80 16. 21 16. 08 
126-127 8 73 84 14.73 14. 88 
120-122 2 70 96-97 12. 96 12. 96 


of 10g. 
algamated zinc, 40 cc. of water, 


of 7, ¢-dioxocarboxylic acid, 50g. of am- 
100 cc. of conc. 


9) E.L. Martin’’, Organic Reactions’’, Vol. I, John 
Wiley and Sons, Inc., New York, N.Y. (1942), p. 162. 

10) B. Rothstein, Bull. soc. chim. France, (5), 2, 80 
(1935); ibid., (5), 2, 1936 (1935); E.E. Blaise and 
A. Koehler, ibid., (4), 7, 415 (1910). 
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hydrochloric acid and 50 cc. of toluene, was boiled 
vigorously for twenty-four hours. The three 
25cc. portions of conc. hydrochloric acid were 
added at six-hour intervals during the refluxing 
period. The toluene layer and ether extracts 
which were obtained by shaking the water layer, 
were combined, washed with sodium bicarbonate 
solution and then subjected to distillation. The 
results are listed in Table III. 

A mixture melting point of hydrazide of 1f- 
nonalactone obtained by Clemmensen reduction 
and that of authentic lactone™ prepared by em- 
ploying n-heptaldehyde and malonic acid, was not 
depressed. 

#-Methyl-7-decalactone.—This lactone is a 
transparent liquid having a strong coco odor and 
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is easily soluble in usual organic solvents. 
121° (2mm.), dj" 0.941, ni} 1.4500. 


B. p. 


Anal. Found: C, 71.33; H, 11.00. Calcd. for 
CiHmO02: C, 71.69; H, 10.94%. Saponification 


value, Found: 309. Calcd.: 304. 


The authors wish to express their hearty 
thanks to Prof. T. Hoshino,-Prof. Y. Iwakura 
and Mr. K. Nagakubo of Tokyo Institute of 
Technology, for their kind guidance 
throughout the present work, and also to 
Mr. A. Kondo for microanalyses. 


Showa Perfumery Co. Ltd., Shibuya-ku 
Tokyo and Chemical Department 
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Mechanism of the Exchange Reaction of Oxygen Atoms between Gaseous 
Oxygen and Water Vapor Catalyzed by Calcium Oxide 


By Sadahiro SAKATA and Noriyoshi Morita 


(Received April 23, 1956) 


Introduction 


In previous papers’ where we studied the 
rate R of the exchange reaction of oxygen 
atoms between gaseous oxygen and water 
vapor from measurements of the rate of the 
isotopic exchange reaction of oxygen isotopes 
catalyzed by chromic oxide, we concluded 
that the rate R remains constant irrespective 


of the feed rate of the reacting gaseous 
mixture so long as it maintained a rate 
higher than about 30cc./sec.-cm*. In that 


case the rate of the exchange reaction should 
be controlled by some one or more of the 
surface processes. i.e. adsorption of reactants, 
chemical reaction on surface, and desorption 
of products. Then by observing the change 
in rate of the exchange reaction under various 
mixing molar ratios of the reacting gases 
a=O./H.0 and under the assumption that 
only one chemical step is rate  control- 
ling, we can examine the mechanism of the 
reaction by the method developed by Lang- 
muir-Hinshelwood and later extended by 
Hougen”. The result obtained with chromic 
oxide catalyst was read at the 4th Sym- 


* The - main part of this paper was presented at the 
9th Annual Meeting of the Chemical Society of Japan on 
April 2, 1956, Kyoto. 

1) S. Sakata and N. Morita, This Bulletin, 29, 230 
(1956); Chem. Eng. (Japan), 19, 64 (1955). 

2) O.A. Hougen and K.M. Watson, Ind, Eng. Chem., 
35, 529 (1943); ‘‘Chemical Process Principles’’, John 
Wiley & Sons, Inc., New York, N.Y. (1950). 


posium of Catalysis of the Chemical Society 
of Japan held in Sapporo on July 24, 1955”. 
Now, this method has been applied to the 
reaction catalyzed by calcium oxide and the 
results compared with that obtained with 
chromic oxide. 


Experimental and Analytical Procedure 


The experimental procedure was the same as 
described in the previous paper’. A quartz tube 
of 1.6cm. inside diameter was used in a vertical 
position. The rate R, number of exchange per 
sec. per cc. of the reactor, was calculated by the 
following relation: 

pa 8155-109 aw _F{ 

4 (2a+1)(@ +1) 
Here x is the conversion, net fraction of the 
isotopic exchange reaction to equilibrium, F is 
the feed rate of the gaseous mixture in cc. (S.C.)/ 
sec., and Z is the height of the catalyst bed in 
cm. 

The calcium oxide catalyst was prepared from 
commercial calcium oxide of chemically pure 
grade. The blocks of calcium oxide were crushed 
to particles of 2-3mm., and calcined at 850°C for 
four hours under oxygen gas flow. 

As the foundation for analysis of experimental 
results, we assume, as has been done by many 
authors‘), that all adsorption sites on the catalyst 


-log(1—x)} (1) 





3) S. Sakata and N. Morita, Shokubai Catalyst, 12, 80 
(1955). 

4) O.A, Hougen and K.M. Watson, 1l.c.; H.F. Rase’ 
and R.S. Kirk, Chem. Eng. Progr., 50, 35 (1954). 


? 
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surface behave similarly and that the interfacial 
activities of components of the reacting gaseous 
mixture are equal to their partial pressures in 
the bulk phase Then, (I) if we consider the 
case in which molecular adsorption of both reac- 
tants occur, the equilibrium concentrations of 
molecularly adsorbed oxygen and water on the 
surface, co, and ¢y,9, and equilibrium concentra- 
tion of vacant site on the surface, c,, all in 
number of sites per unit mass of catalyst, can be 
expressed by 


6Og= PoKoL (1+ poKo+ pwKw) (2) 
CH2O = pwKwL/(1 + foKo + pwKw) (3) 
¢,=L/(1+ poKot+ bwKw) (4) 


where fo is the partial pressure of oxygen in 
atm. and pw the same of water, Ko is the ad- 
sorption equilibrium constant of oxygen in atm.—! 
and Kw the same of water, and L is the total 
number of active sites on the surface per unit 
mass of catalyst. During the exchange reaction 
the chemical concentration of reactants, i.e. po 
and pw, do not change and therefore the values 
of c’s remain constant. Consequently, (A) when 
the rate of molecular adsorption of oxygen con- 
trols the rate of the exchange reaction, it can be 
expressed by R=kfoci=kpoLl/(1+ poKo+ pwKw), or 
po/R=(1/RL)+(Ko/kL) po+(Kw/kL) pw, where k is the 
adsorption velocity constant for oxygen. Taking 
total pressure fo+ fw as a unit pressure which is 
kept constant during a series of experiments, we 


can write jo=a;/(a+1) and pw=1(a+1). Then we . 


obtain 

a/R=(a+b)a+(a+c) (5) 
where a, b and c are positive constants and a= 
1/kL, b=Ko/kL and c=Kw/kL. On the contrary, 
(B) when the rate of desorption of molecularly 
adsorbed oxygen is controlling, we obtain R= 
keg, =k poKoL/(1+ poKot+ bwKw), where, in this case, 
k is the desorption velocity constant for oxygen. 
Then we can write 


a/R=(a+b)a+(a+c) (6) 


where a, 6 and c are positive constants different 
from those in Eq. (5) and a=1/kKoL, b=1/kL and 
c=Kw/kKoL. 

By the same reasoning we can obtain the fol- 
lowing expression, (C, D) when adsorption or 
desorption of water is rate-controlling 

1/R=(a+b)a+(a+c) (7) 

Finally, (E) when the surface chemical reaction 
is controlling, R is proportional to the surface 
concentration of pairs of adsorbed oxygen and 
water molecules in adjacent positions. This con- 
centration is equal to scg,¢y,0/L, where s is the 
number of equidistant active sites adjacent to 
each site. Therefore, R=kspopbwKoKwlL/(1+ poKo 
+pwKw)?, and by rearrangement we obtain 


/ a/R=(a+b)a+(a+c) (8) 


where, a@=1//ksKoKwL , b6=Ko/WksKoKhwLk and 
c=/ Kw/ksKoL. 

(II) When oxygen is adsorbed with dissociation, 
its equilibrium concentration cg and that of water 


and of vacant sites cy, 9 and c,; are expressed by 


cCo=Lv poKo/(1+~ poKko+ pbwKw) (9) 
CH.0 = bwK wL (1+ poKo+ pwKw) (10) 
(4 =L/(1+/v poKo+ pwKw) (11) 


In order that oxygen molecules can be atomically 
adsorbed, dual adsorption sites are necessary and 
their concentration can be expressed by ¢),=sc,2/ 
2L. Therefore, (A) when the rate of adsorption 
of oxygen with dissociation controls the rate of 
the exchange reaction, we have the relation R= 
k pot), =(ks PoL/2)/(l+~ poKo + pwKw)?, and then 
WV aa +1)/R -aa-+bv ala + 1)+(a+e) (12) 

For the case (B) where the rate of recombination 
of atomically adsorbed oxygen to molecule is 
controlling we obtain the same expression as Eq. 
(12). 

In the same way we can obtain the expressions 
(C, D) when adsorption or desorption of water 
is controlling 


1/R=aa+bWVala+1)+(a+c) (13) 
and (E) when chemical reaction on the surface 
is controlling 


a Yala +1)/R=aa +cw ala +1}+(a+c) (14) 


(III) We have to consider adsorption of water 
vapor with dissociation. In this case the state 
of adsorption is HOI+HI, where | indicates ad- 
sorption site. However, adsorption of hydrogen 
atom may occur at the oxygen atom on the sur- 
face of metallic oxide, and, therefore, as an ad- 
ditional assumption, we consider the state of ad- 
sorption to be HOI+HOI, both behaving similarly. 
Then we have the forms which are summarized 
in Table I for the relation between the rate of 
exchange reaction and the mixing ratio of reac- 
tants according as (A, B) adsorption or desorp- 
tion of oxygen or (C, D) adsorption of water with 
dissociation or recombination or (E) chemical re- 
action on surfaces is rate-controlling. 

(IV) We have also the cases where both oxy- 
gen and water are absorbed with dissociation and 
(A, B) adsorption of oxygen with dissociation or 
recombination or (C, D) adsorption of water with 
dissociation or recombination or (E) some one of 
the surface chemical reactions is rate-controlling. 

The equations from these postulated mecha- 
nisms are summarized in Table I. By comparing 
these forms with experimental results we can 
select one or more of them as the probable 
mechanism. We can consider mechanisms other 
than those listed in Table I such as when one 
reactant in the gaseous phase reacts with another 
adsorbed reactant. However, we have excluded 
these mechanisms because for an exchange reac- 
tion to take place, there is a necessary step of 
dissociation which needs much more activation 
energy than the collision of molecules on the 
catalyst surface. It is a fact that most of the 
observed rates of exchange reaction are less than 
one-millionth of the collision number of the ga- 
seous reactant on the other surface of the catalyst. 
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TABLE I 
SUMMARY OF EQUATIONS FROM POSTULATED MECHANISMS 
Mecha- Equation Values of Constants 
nism $$ ——$_$____. 
a 6 c 
I A a/R=(a+b)a+(a+c) 1/kL Ko/kL Kw/kL 
B a/R=(a+b)a+(a+c) 1/kLKo 1/kL Kw/kLKo 
Cc 1/R=(a+b)a+(a+c) 1L/RL Ko/kL Kw/kL 
D 1/R=(a+b)a+(a+c) 1/kLKw Ko|kLKw 1/kL 
E / «/R=(a+bja+(a+c) 1j/ksLKoKkw Kol/ksLKoKw “KwiksLKo 
II A Vala +1)/R=aa+bV/ ala +1)+(a+e) 2/ksL Vv 2Ko|ksL Kw 2/ksL 
B Jala +1)/R=aa+b/alatl)+(at+c) W2jksLKo / 2iksL Kw 2jksLKo 
c [/R=aa+bValat+l)+(at+e) Ik V KojkL Kw/kL 
D 1/R=aa+bvV ala +1)+(a+c) 1/kLKw Vv Ko|kLKw 1/kL 
E J. ala+1)/R -ea-+be/ala+1)+(a+e) a{LiksLs K.Kw Rie Ko|ksLKw 4 Kw/ksL Ko 
Ill A a/R=(a+bja+ce’a+l+a L/kL Kol|kL J Kw/kL 
B a/R=(a+bja+c./a+1l+a Lj/kLKo 1/RL V/ Kw|kLKo 
Cc ~1/R=an a+1+ba|/Wat+lt+e / 2iksL KW 2)ksL / 2K wiksl 
D J1)R=aVa+1+bal/atl+c W2jksLKw Kow 2/ksLKw AV 2iksL 
E er a+1/R=(a+b)at+en at+l+a a liksLKow Kw \ Ko |ksLV Kw a V KwiksLKo 
IV A VaR =ana+1+bV¥a+e /2)ksL N 2K ojksL J 2K w/ksL 
B /a)/R=aV/at+l+bVat+e /2\ksLKo /ZjksL VJ 2KwiksLKo 
C V1j)R=aVat+1+bVa+e ‘Qiks / 2K ojksL V/ 2K wks 
D /1)R=aVa+1+b/a+e / 2iksLKw / 2KojksLKw A 2iksL 
E J a/R=an ‘a+1+bV/at+e A LiksLe Kokw l- Ko|jksLV Kw \ / Kw/ksLv Ko 
Experimental Results and Discussion TABLE II 
The results obtained are tabulated in Table Calcium Oxide Chromic Oxide 
II. For comparison, the results obtained with Temperature =743°C Temperature =521°C 
chromic oxide catalyst are also included in F = 28.9 cc./sec.-cm? F =30.1 cc./sec.-cm? 
the table. In both cases, for the lower values Average Total Average Total 
of a, the rate R increases with the increase Pressure =769 mmHg Pressure =783 mmHg 
in a, and for the higher values of @ the i Rx 10-18 Rx 10-18 
rate remains almost constant irrespective of | « atoms, ong « atoms, 
the values of a. The main differences are mina SC. -Cc. nig sec.-cc. 
the lower activity and the more gradual 1418 0.553 4.74 1304 0.050 2.38 
approach to a constant value of RF of calcium 1411 0.571 5.01 1303 0.080 2.75 
oxide as compared with chromic oxide. Those 14140 1,142 6. 21 1302 0.082 2.64 
facts indicate that we can examine the mecha- 1420 1.951 6.52 1211 0.336 2. 86 
‘ . 1410 2.010 6.84 1204 0.410 1.09 
nism of the exchange reaction catalyzed by 1419 3.63 7.60 1307 0.495 3.38 
calcium oxide by the same course as that of 1412 4.60 9.37 1107 0.842 4.44 
chromic oxide except for the point that the 1413 5.56 8.75 1105 0.926 4.75 
relative importance of adsorption equilibrium 1417 7.67 8. 80 1104 0.966 4.75 
constants Ko and Kw may be different for 1415 10.40 8. 82 1210 1.231 3.91 
both catalysts. jy Ml ey a Fe 
For selection of the probable mechanism, Temperature =700°C 1109 2.094 4.63 
Hougén recommended that the constants of F =29.9 cc. sec. «cm? 1102 2.222 4.81 
the equations for the various proposed mech- 1502 0. 536 2.35 1106 2. 876 4.99 
anisms be determined, i.e. a, 6 and c, which 1505 1.079 3.02 im 38 5.8 
ne 1501 2.040 3.56 1108 3.86 4.56 
must be positive, by use of the method of 1509 2.153 3.24 1103 4.14 1. 67 
least squares. However, as for every one of 1507 3.78 3.96 1203 8.7 5. 20 
the equations from the postulated mecha- 1503 4.70 4.02 1301 13.12 5.01 
nisms of groups II and IV there were two 1504 6.43 4.41 
nearly parallel terms, so the probable errors 1508 8.29 4.44 
of the constants which were determined by 1506 10.52 4.38 
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the method of least squares were considera- 
ble. Therefore, we examined the mechanisms 
graphically. 

First, the mechanisms in which adsorption 
or desorption of water is rate controlling, i.e. 
all of C’s and D’s can be excluded. In these 
mechanisms 1/R must be increased with the 
increase in @ which is inconsistent with the 
experimental results. 

The mechanisms of group I can be ex- 
amined by plotting values of left-hand terms 
of the equations against a. In Fig. 1, curves 
J-E are the relations of Va/R vs. a. They 
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Fig. 1. Mechanisms I-A, B and I-E. 


do not indicate linear relation and the mecha- 
nism I-E can not be applied. The relation 
a/R vs. @ is practically linear as shown by 
lines I-A, B in Fig. 1, and the mechanisms 
I-A and I-B must be reserved as probable 
mechanisms. We will consider these mecha- 
nisms again later. 

The right-hand side of each equation for 
the mechanisms of groups II, III and IV has 
two variable terms. We scrutinize these 
mechanisms by plotting two variables separa- 
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Fig. 2. Mechanisms II-A, B. 





tely against the values of the left-hand terms 
and testing the possibility of constructing a 
linear combination with positive coefficients 
from these two curves to gain linear relation. 
Fig. 2 to Fig. 7 are such plottings. In exa- 
mining these plottings we notice the further 
facts that the value of the left-hand side of 
each equation extrapolated to @=0 gives 
a+c and that the inclination of the curves 
for mechanisms of groups II and IV converge 
to a+b for high values of a. 

By such criterions we can easily exclude 
the mechanisms of II-E, III-A, B and III-E. 
In Fig 3 which represents the relation for 
mechanism II-E, both of the curves for @ 


and Va(a@+l) vs. v4 a(a+1)/R are concave 
and can not gain combination to give line- 
arity. In Fig. 4 for mechanisms III-A, B the 
relation of a vs. @/R is almost linear but 
Va+l1 vs. a/R is convex and their combina- 
tion can be linear only when the values of 
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Fig. 3. Mechanism II-E,. 
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Fig. 4. Mechanisms III-A, B. 
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c are very small, and then this is the same 
as the mechanisms I-A, B. For mechanism 


III-E only Va-+l1 vs. 1 ‘a utl ‘R is linear 


as shown in Fig. 5. To select this mecha- 
rat ————— me 
10} Vi 
> & 


Sadahiro SAKATA and Noriyoshi Morita 


[Vol. 29, No. 7 


line must be nearly equal to c. This is not 
the case. The abscissa values at @=0 are 
less than 0.3x10-’ compared with the incli- 
nations of the lines which are about 1x10~°. 

For all other mechanisms we can not state 
exactly from Figs. 2, 6 and 7 their applica- 
bility or non-applicability. Therefore, we 
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Fig. 7. Mechanism IV-E. 


first evaluated the constants a, b and c¢ for 
each mechanism by applying the two criterions. 
noted above for the determination of a+b: 
and a@+c and using a pair of values on the 
pair of smoothed curves. And then we ex- 
amined the propriety of these constants to: 
the mechanism. Evaluated values are tabu- 
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N 





) or 
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We lated in Table III. For comparison, values 

{7 of constants for the exchange reaction with 
0.0 0.4 08 12 16 chromic oxide catalyst are also included. 
= Values of Ko were calculated from a and B,,. 

Ny a x r - s . A 

Pei, Sh Madiadinns t¥-A. & and Ky’s from @ and c. The apparent ac 


tivation energies E for calcium oxide catalyst 
were calculated from pairs of values of a 
obtained at two temperatures, assuming con- 
stants values for Z and s. 


nism, @ and b must be very small and then 
both of the extrapolated values of abscissa 
at ~a=0 and the inclination of the straight 


TABLE III 
EVALUATED VALUES OF CONSTANTS 


Mechanism Catalyst I Ge : “ 1c9 . Soe . 5 10? Ko Kw ae 
II A, B~ Calcium Oxide 7430. 321 0.156 0.061 0.260 0.095 18.2 1.56 33 
” 700 §=©0.460 0.250 0.088 0.372 0.162 17.9 3. 40 : 
Chromic Oxide 521 0. 439 0.112 0.094 0. 345 0.018 13.5 0.19 
IV A, B-~ Calcium Oxide 743 «#0.317 0.194 0.165 0.152 0.029 0.85 0. 03; P 
y 700 0. 458 0. 213 0.179 0. 27 0. 034 2. 43 0. 03; oi 
Chromic Oxide 521 0.437 0.071 0.050 0.378 0.021 60.0 0.16 
IV E Calcium Oxide 743 0.092 0.335 0.038 0.054 0. 397 2.02 109 ibis 
” 700 0.134 0.465 0.050 0.084 0.415 2.8, 69 ao 
Chromic Oxide 521 0.117 # 0.270 negative — a = — 
x10 =x 1018 
I A,B Calcium Oxide 743 0.105 0.065 
” 700 0.212 0.145 
Chromic Oxide 521 0.204 0.040 
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Taken from the criterion that a, b and c 
must be positive, all the mechanisms in Table 
III, except IV-E for chromic oxide, are appli- 
cable. However, mechanism IV-E for calcium 
oxide may also be excluded because such a 
mechanism, where both reactants are adsorbed 
with dissociation and where surface chemical 
reaction controls the over-all rate, seems in- 
comprehensible for the exchange reaction of 
atoms. As far as mechanisms I-A, B are 
concerned we can not determine the values 
of a,b and c, uniquely. However, in contrast 
to mechanisms group IV, mechanisms of 
group I, where only molecular adsorption 
occurs, may also be improbable for exchange 
reaction of atoms. Thus mechanisms I[I-A, 
B and IV-A, B remain as acceptable. 

From preliminary experiments where we 
measured changes of A with temperature by 
calcium oxide catalyst to find adequate range 
of temperature for further resarches, we 
obtained activation energy of 30.6 kcal./mol. 
between 697°C and 740°C. In this respect 
mechanisms IJ—A, B are most comprehensible. 
We could not find adequate data concerning 
adsorption of oxygen or water vapor by 
calcium oxide. The equilibrium data” of dis- 
sociation of CaO, and Ca(OH), give heat of 
dissociation of 4-11 kcal./mol. for CaO. and 
25-43 kceal./mol. for Ca(OH).. 
tion must be greater than these and the 
mechanisms IV-A, B seem more improbable 
than mechanisms II—A, B. Values of Ko and 
Kw of mechanisms II-A, B seem reasonable. 
For these mechanisms Ko is equal to ¢co’/ Pot’? 
and Kw is equal to ¢y,9/fwe:. Then ¢y,0/C€o 
Dwkw/V poKo. The evaluated values cf 
Cyeo/Co at Po= Pw=1/2 are 0.26 for 743°C and 
0.57 for 700°C for calcium oxide catalyst and 
0.037 for chromic oxide catalyst. Thus the 
remarkable difference between calcium oxide 
catalyst and chromic oxide catalyst is the 
much stronger adsorption of water by the 
former. 

In an earlier paper® dealing with exchange 
reaction of oxygen atoms between gaseous 
oxygen and water vapor by oxide catalysts 
of metals belonging to the even series of 
the first long period of the periodic table of 


S *‘Internationai Critical Tables’’, Vol. VII, p. 294 
1930). 

6 N. Morita, H. Tanaka and T. Titani, This Bulletin, 
14, 9 (1939). 
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elements we concluded that the exchange 
reaction catalyzed by calcium oxide would 
be controlled by adsorption or desorption of 
water vapor. This conclusion seems incon- 
sistent with the present results. However, 
earlier researches were done under much lower 
temperatures than those of the present, and 
the relative dominating effect of adsorption 
of oxygen and water vapor for the rate may 
differ by temperature as can be seen by the 
great difference of the heat of adsorption 
between oxygen and water. It can be ex- 
pected that the rate of adsorption or desorp- 
tion of water will become the controlling 
factor in the over-all rate of the exchange 
reaction by minimizing the concentration of 
water vapor, i.e. by greater values of a, much 
more than has been done in these experi- 
ments. 


Summary 


Employing a high-feed rate of reacting 
gaseous reactants where the rate of reaction 
did not depend upon the feed rate, measure- 
ments of the dependence of the exchange 
reaction rate of oxygen atoms between ga- 
seous oxygen and water vapor catalyzed by 
calcium oxide on the mixing molar ratio of 
reacting gases were made, and the results 
analyzed by the method of Hougen. The 
most probable among twenty postulated 
mechanisms is mechanism II-A where oxygen 
is adsorbed with dissociation and the rate of 
dissociative adsorption of oxygen is rate- 
controlling or II-B where oxygen is adsorbed 
with dissociation and the recombination of 
adsorbed oxygen atoms to desorption is rate- 
controlling. According to these mechanisms, 
the activation energy of adsorption of oxy- 
gen with dissociation or recombination to 
desorption is about 33 kcal./mol., which is in 
good agreement with the activation energy 
30.6 kcal./mol. for the over-all rate of ex- 
change reaction. 

This conclusion is compared to the results 
obtained with chromic oxide catalyst. The 
result which was described in an earlier pa- 
per is also discussed. 
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Heats of Dilution of Polyvinylalcohol Solutions. II 


By Kazuo AMAyA and Ryoichi Fuysisutro 


(Received June 27, 1956) 


Introduciion 


In the previous paper'’ we measured the 
heats of dilution of aqueous solution of poly- 
vinylalcohol and found that the value of the 
interaction parameter is about —3cal./cc., 
which is too small compared with that of 
ethylalcohol-water solution (—40cal./cc.) and 
indicates considerable inter-segmental associa- 
tions of polyvinylalcohol. 

In order to make a further study about 
these facts, we measured the heats of mixing 
for the 1,3- or 1,4-butanediol and water sys- 
tem, and the heats of dilution for the poly- 
vinyl-alcohol of different acetyl radical con- 
tent and water systems. 

These butanediols may be regarded as 
dimer molecules of polyvinylalcohol and it is 
expected that they play an important role 
as intermediate molecules between ethylalco- 
hol and polyvinylalcohol. As the polyvinyl- 
alcohol has been thought to have a large 
number of inter-segmental hydrogen bondings, 
it is supposed that if a portion of hydroxyl 
radicals is substituted with acetyl ones, the 
formation of inter-segmental hydrogen bond- 
ings may be disturbed and there may occur 
some changes in the interaction parameter. 


Experimental 
The apparatus used was already described in 
the previous paper. Commercial 1,3- and 1, 4- 
butanediol* were dehydrated under the pressure 
of about 1 mmHg for long time and then distilled 
with a long column under the reduced pressure. 
Polyvinylalcohol samples** of the degree of 
polymerization 1200 were supplied by the Labora- 
tory of the Mitsubishi Rayon Campany and the 
acetyl contents of these samples were 0.4, 7.8, 

15.6 and 19.4 mol.% respectively. 


Results and Discussion 


The heats evolved, when the butanediol 
and water were mixed and then the solution 
was diluted successively with water or bu- 
tanediol, were measured at 25°C. By inte- 
grating these heats evolved by mixing or 
dilution, the heats of mixing at various con- 

1) K. Amaya and R. Fujishiro, This Bulletin 29, 361 

(1956). 

* We wish to thank Mr. T. Wakabayashi of the Nippon 

Yushi Company for supplying these butanediols. 


** We are indebted to Dr. H. Suyama of the Mitsubishi 
Rayon Company for these samples. 


centrations were obtained and are shown in 
Table I and II. 


TABLE [ 
HEATS OF MIXING OF 1,3-BUTANEDIOL 
AND WATER 
Weight ,,., - Hea A, Cal... 
of Diol, Point of Evolved, Unit Mole Unit Mole 

g. sa cal. Solution ‘ 

1.973 16. 130 52.6 56.1 0.046 
1.973 8.131 6.7 92.3 0.088 
1.973 4.125 36.5 134 0.161 
1.973 2.061 24.4 154 0. 277 
1.921 2.045 ye 165 0. 273 
3. 884 2.045 30.0 150 0. 432 
(ie gk 2.045 24.3 120 0. 601 
1.748 11. 96 14.7 63.3 0.055 
1.748 5. 982 39.6 106 0.104 
1.748 3. 988 34.9 134 0.149 
1.748 1.994 24.2 162 0. 259 
1.970 1.994 maa 162 0. 282 
3. 980 1.994 30. 4 153 0. 442 
2. 990 1.994 a ao 0.544 

TABLE II 


HEATS OF MIXING OF 1,4-BUTANEDIOL 


AND WATER 


Weight y..., Heat 4H,cal. .. . a 
of Diol, ¥ a of Evolved, Unit Mole Unit Moie 
= Water, g. cal Solution Fraction 
2.004 17.58 $4, 1 13.2 0.044 
2.004 8.194 40.0 80.1 0. 089 
2.004 1.134 32.0 117 0. 162 
2.004 2.058 22.3 140 0. 280 
1. 961 2.006 23.1 149 0. 281 
3. 965 2.006 29.2 147 0. 441 
7.990 2.006 20.5 123 0.614 


The accuracy of the measurement was not 
so satisfactory, because the butanediols are 
highly viscous and adhere to the wall of the 
mixing vessel. The accuracy may be esti- 
mated from the two measurements at nearly 
the same concentration (about 0.5 volume 
fraction), one with water in the inside bulb 
and butanediols in the outside bulb and the 
other the reverse. 

As ethylalcohol and butanediol may be re- 
garded as a monomer- and dimer-unit of 
polyvinylalcohol respectively, by considering 
the butanediol as two unit molecules the heats 
of mixing per unit mole of solution.(which 
means that the number of water molecules 
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plus two times the number of butanediol 

molecules is equal to the Avogadro number) 

are calculated from the above data and plot- 

ted in Fig. 1 against the unit mole fraction 
| cay Ethylalcohol - water 

] / ‘i 1.3- Butanediol 


- water 







150k ev Ne 1 Butanedio 
’ fas a water 
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v ' / . X. 
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| ws ' / 4 . 
- = 100+ 
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of butanediol. For the sake of comparison, 
the heats of mixing per mole of the ethyl- 
alcohol-water solution”? at the same tempera- 
ture are shown in the same figure. ? 

The remarkable features which appeared 
in this figure are the lowering of the maxi- 
mum of the curve and the shift of the max- 
imum position to the higher concentration 
of butanediol. The former may be easily 
explained as the intra-molecular association 
of the two hydroxyl groups of the butanediol 
molecule which decreases the apparent inter- 
action of the butanediol with the solvent 
molecule. The magnitude of lowering of the 
maximum is more in 1,4-butanediol than in 
1, 3-butanediol and this is consistent with the 
fact that 1,4-butanediol is apt to form the 
intra-molecular hydrogen bonding from the 
steric standpoint in comparison with 1, 4-bu- 
tanediol. 

Generally the maximum in the heats of 
mixing per unit volume of mixture of two 
kinds of normal liquids where there is no 
specific interaction will be at the equi-volume 
concentration. In the mixture where the 
two normal liquids have the same molecular 
volume, the maximum in the heats of mix- 
ing per mole of the mixture will be at the 
equi-molar concentration. But in the mixture 
of two normal liquids having different mol- 
ecular volumes, the maximum in the heats 
of mixing per mole of the mixture will be 
shifted to the (Vv x—1)/(x—1) mole fraction, 


2) E. Bose, Z. physik. Chem., 58, 587 (1907). 
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where x is the ratio of molecular volume of 
the two liquids. 

In a case when one or both liquids have 
specific groups of interaction, the position 
of the maximum may shift more or less from 
the normal value (Vx—1)/(x—1). Ethylalco- 
hol-water system is such a typical example 
and the maximum shifts to a lower value of 
the mol. fraction of ethylalcohol such as 0.18, 
to be compared with the nomal value 0.36 
calculated by using x=3 for this system. 

In the butanediol-water systems the observ- 
ed values of the maximum point are 0.30 and 
0.35 for 1,3- and 1,4-butanediol respectively, 
and these values are compared with the nor- 
mal one 0.40 which is evaluated by using 
the value 2.4 for the ratio of molecular 
volume of monomer-unit of both butanediols 
to that of water. 

Hence it is shown that the maximum point 
approaches considerably to a normal one for 
both butanediol-water systems compared with 
that for the ethylalcohol-water system. 

It may be supposed to be natural that this 
will be due to the intra-molecular association 
of butanediol which decreases the _ specific 
interaction power per unit molecule. 

From the fact above mentioned, the more 
the number of units in a molecule, the smal- 
ler the magnitude of the maximum for the 
solution containing the molecule and the more 
the maximum point may approach to the 
normal value. 

This indicates a remarkable lowering of 
the heats of mixing and thus a remarkable 
decrease of the magnitude of the interaction 
parameter in the polyvinylalcohol-water solu- 
tion. 

In order to get the quantitative explana- 
tion, the conventional interaction parameter 
which is the quantity per cc. of solution, is 
evaluated and plotted in Fig. 2 against the 
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volume fraction of ethylalcohol or butanediols 
respectively. Here the equation used for the 
evaluation of the interaction parameter is 
the following van Laar’s, 


4Hm =aVovotr 


where vo, vr are the volume fractions of sol- 
vent (water) and ethylalcohol or butanediols 
respectively, V the total volume of the solu- 
tion, 4Hm the heats of mixing of such solu- 
tion and @ the interaction parameter per cc. 

In Fig. 2 it is found that in the ethylalco- 
hol-water system the value of —a decreases 
sharply as the volume concentration of ethy]l- 
alcohol increases, but not in the butanediol- 
water one. In the previous paper it was in 
the volume fraction less than 0.2 where the 
heats of dilution of polyvinylalcohol solution 
were measured. 

In the same concentration range, the value 
of a of the ethylalcohol solution is —40 cal./ 
cc. and those of the 1,3- and 1, 4-butanediol 
solutions are —30 and —25cal./cc. respectively. 

A large decrease in magnitude of the in- 
teraction parameter is seen in transfer from 
monomer to dimer. 

Such a decrease may probably be expected 
successively as the molecules become larger. 
Thus it may stand to reason that in the 


polyvinylalcohol solution the value of @ has 


such small value as —3cal./cc. 

The heats of dilution of polyvinylalcohol 
which contains different acetyl contents were 
also measured and shown in Table III. 


TABLE III 
HEATS OF DILUTION OF POLYVINYLALCOHOL 
WITH DIFFERENT ACETYL CONTENT 
Before Dilution 


Volu- 


Acetyl Volume Volume me of Heat 


Content of Frac- Water Evolved, 

Mole % Solution tionof Added _ cal. 

we, P.V.A. ce. 

0. 099 0.145 
. 109 .177 
.077 . 167 

8.57 , . 151 

9.91 . 05: . 040 

. O41 
.017 
9,94 0% 1 .015 


9.00 
9.351 


9.57 


—|— — | 
esr unne 
SF & OmDmt Oo kf. 


By use of the van Laar equation, the values 
of the interaction parameter are calculated. 
The order of magnitude of @ is found to be 
in good agreement with that of the previous 
paper. These values of @ are plotted in Fig. 
3 against the acetyl content in the polyvinyl- 
alcohol. 

In Fig. 3 the absolute value of the para- 
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Mole % of acetyl radical 
Fig. 3 
meter @ seems to show maximum between 
0 to 10mole % of acetyl radicals. 

If some of hydroxyl radicals in the poly- 

vinylalcohol are substituted by acetyl ones, 
two main effects may appear. 
First, as it is supposed that there is no 
strong interaction between acetyl group and 
water molecule, these interactions may be 
repulsive and decrease the absolute value of 
a. Secondly, the substitution of hydroxyl 
radical with acetyl will disturb intra-molec- 
ular or inter-segmental hydrogen bonding in 
the polyvinylalcohol and consequently increase 
the hydroxyl radicals which do not form hy- 
drogen bonding with each other. This means 
the increase of the absolute value of a. 

Thus, these two effects may change the 
value of @ in the reverse way as the acetyl 
content increases. 

But it will be supposed that the effect of 
disturbing hydrogen bonding by substitution 
is considerable in the small acetyl content 
and saturated in the more concentrated frac- 
tion, while the interaction between acetyl 
radical and water increases linearly with 
acetyl content. 

Consequently, in the small acetyl content 
the effect of disturbing inter-segmental hy- 
drogen bonds is predominant compared with 
the first, and the absolute value of the in- 
teraction parameter may increase as_ the 
acetyl content increases. 

But in the range of larger acetyl content 
the second effect may exceed the first. 

So, it will be reasonable to assume that 
the absolute value of @ increases at first, 
passes through a maximum and decreases 
as the acetyl content increases. 
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Summary 


Heats of mixing of 1, 4- and 1, 3-butandiols 
with water and heats of dilution of poly- 
vinylalcohol of different acetyl contents were 
measured. 

The results obtained for the two butanediols 
and water system were compared with the 
results for ethylalcohol-water system and for 
polyvinylalcohol-water system (reported in 
the previous paper) and it was found that 
the apparent interaction parameter of these 
substances with water decreases and becomes 
more normal as the degree of polymerization 
becomes larger. The interaction parameter 


Einleitung 


Eine charakteristische Gelbfarbung, die 
die saure wdsserige Loésung der Titan(IV)- 
salze mit dem Wasserstoffperoxyd gibt, ist 
schon lange gern zur kolorimetrischen Be- 
stimmung geringer Menge des Titans(IV) 
angewandt”, da die genannte Farbung fiir 
Titan(IV) sehr empfindlich und _ spezifisch, 
und auch dauerhaft ist. Friiher hielt man 
die obengenannte stark sich farbende Ver- 
bindung fiir ein Komplexsalz mit dem Anion, 
a O ae 
Ti (SO,)o; ,; 
L O ~ 
von K.F. Jahr? wie folgt umgedndert ; nam- 
lich; in der sauren wdasserigen Lésung, ohne 
Beziehung auf die angewandte Sadureart, 
ergibt sich das Komplexgleichgewicht zwischen 
den Titan(IV)salzen und dem Wasserstoff- 
peroxyd wie folgt: 


aber diese Ansicht wurde 





1 Die siebente Mitteilung: M. Fujimoto, Dieses Bul- 
letin 29, 776 (1956). 

2 Vgl. E.B. Sandell, ,,Colorimetric Determination of 
Traces of Metals,‘*‘ 2. Aufi., 1950, New York, S. 572ff. 

3 Z.B., vgl. H. Remy, ,,Lehrbuch der Anorgarischen 
Chemie.*‘ I]. Band, 7. Aufl., 1954, Leipzig, S. 60, sowie 
F. Feigl, ,,Spot Tests. I. Inorganic Applications.‘‘ 4. 
engl. Aufi., lbersetzt von R.E. Oesper, 1954, Amsterdam, 
Ss. 186. 

4} Vgl. H.J. Emeléus und J. S. Anderson, ,,Modern 
Aspects of Inorganic Chemistry,” 2. Aufi., 1952, London, 
S. 375 (ausgezogen aus K.F. Jahr, ,,Peroxy compounds,“ 
FIAT Rev. German Sci. 1939-1946, Inorganic Chemistry 
Pt. Il. 1948, 170). 
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for polyvinylalcohol of different acetyl con- 
tent with water first increases and then 
(through max.) decreases as the content of 
acetyl radical increases. 

All these results are consistently explained 
from the standpoint of intra-molecular or 
inter-segmental association. 


We would like to express our gratitude to 
Professor Y. Morino of Tokyo University 
and Professor A. Kotera of Tokyo University 
of Education for their kind encouragement 
and discussions throughout the work. 

Department of Chemistry, Faculty of 


Science, Kobe University. Kobe 





VIII. Uber den 


O 


(TiO-aq)?* + H,0O2 == (Ti -aq)?* + H,O. 
‘0 
I. i. 
farblos intensiv gelb 


Aus der Tatsache, dass die genannte sich 
farbende Verbindung von Kationenaustausch- 
harz stark adsorbiert wird, wobei die Harzphase 
sich entschieden starker als die Aussenlosung 
farbt, kann die Ansicht, dass das intensiv 
gelbe Titan(IV)wasserstoff peroxydkomplex als 
eine Kationenart wie II. vorliege, sehr einfach 
gepriift werden. 

Im folgenden konnte der Verfasser durch 
Anwendung von den farblosen starksauren 
Kationenaustauschharzen zur obengenannten 
Farbenreaktion eine fiir Titan(IV) sehr 
empfindliche Nachweismethode neu feststellen. 


Die in der vorliegenden Untersuchung 
benutzten Ionenaustauschharze 


Hierbei wurden die folgenden aus Styrol und 
Divinylbenzol dargestellten farblosen bzw. hell- 
gelben starksauren Kationenaustauschharze von 
verschiedenen Vernetzungsgraden angewandt: 

,lproz. DVB‘: Ein farbloses starksaures 
Harz von Sulfonsdéuretypus, dessen Divinyl- 
benzolgehalt einprozentig ist». Die Korngrésse ist 
ungefahr 30 Maschen von Tylerschem Normalsieb. 
,,20proz. DVB‘): Ein starksaures' und 


5) In bezug auf die abgekiirzte Schreibweise wie 
» 1 proz. DVB‘ usw., vergleiche die sechste Mitteilung: 
M. Fujimoto, Dieses Bulletin 29, 600 (1956). 
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dessen 
Die 


hellgelbes Harz von Sulfonsduretypus, 
Divinylbenzolgehalt zwanzigprozentig ist». 
Korngrésse ist ungefahr 50 Maschen. 

Dowex 50W-X8: Ein kdufliches farbloses und 
starksaures Harz von Sulfonsduretypus, dessen 
Divinylbenzolgehalt etwa achtprozentig ist. Die 
Korngrésse ist 50 bis 100 Maschen. 

Dowex 50W-X12: Ein ebenso kdufliches farbloses 
starksaures Harz wie Dowex 50W-X8, dessen 
Divinylbenzolgehalt etwa zw6lfprozentig ist. Die 
Korngr6ésse ist 50 bis 100 Maschen. 

Alle diese Harze wurden vor dem Gebrauch 
durch zweimaliges Durchlaufen der 2 N Salzsdure 
sowie des destillierten Wassers in die HR-Form 
volistandig ubergefiihrt. 


Versuchsanordnung 


Man bringt auf eine weisse Tiupfelplatte nachein- 
ander einige Kérnchen farbloses sowie starksaures 
Kationenaustauschharzes von HR-Form, je einen 
Tropfen saurer wéasseriger Probelésung und 
verdiinnter Lésung des Wasserstoffperoxydes, 
und ruhrt sie danach mit einem kleinen Glasstab 
grundlich um. Nach einigen Minuten langem 
Stehen, beobachtet man mit einer Lupe eine in 
der Harzphase entstandene Gelbfarbung. 


Massfliissigkeit 

Zum gegenwartigen Zwecke wurde eine saure 
Stammlésung des Titanylsulfates, TiOSO,, woraus 
eine Reihe der Massfliissigkeiten des Titans(IV) 
hergestellt wurde, folgenderweise dargestellt”: 

,In einem kleinen Porzellantiegel versetzt man 
bestimmte Menge des extrareinen Titan- 

TiOsz, welches vorher in einem 
110°C bis zum konstanten Gewicht 
wurde, mit einer etwa zehnfachen 
extrareinen Kaliumbisulfates. Man 
erhitzt danach dieses Gemisch anfangs' sehr 
schwach, dann immer stadrker bis zum Gliihen 
Das Gemisch schmilzt allmahlich, und nach eini- 
gen Minuten braust es stark auf, und geht 
schliesslich in eine homogene Schmelze tuber. 
Man kuhlt diese Schmelze vollkommen ab, und 
zieht das hier gebildete weisse Kltiimpchen mit je 
etwa 10ccm_ heisser verdtinnter Schwefelsdure 
wieder und wieder aus. Schliesslich verditinnt 
man die so ausgezogene klare Lésung des Titanyl- 
sulfates mit destilliertem Wasser genau bis zum 
bestimmten Volumen“. 

Der Titan([V)gehalt von der genannten Stamm- 
lésung wurde aus der Menge des anfianglich 
angewandten Titan(l[V)dioxydes mit genugender 
Genauigkeit umgekehrt ausgerechnet. Sie betragt 
4.13 mg /ccm. 


eine 
(LV )\dioxydes, 
Luftbad bei 
getrocknet 

Menge des 


Bestimmung der Bedingungen hochster 
Empfindlichkeit* 


1. Einfluss der Harzart.—Wie man in Abb. 1 
deutlich ersieht, wird die Farbung der Harzphase 


6) Die hier angewandten zwei Harzproben wurden von 
Herrn Prof. Dr. A. Kawamura an der Landwirtschaft- 
lichen und Technischen Universitit zu Tokyo nach dem 
Verfahren K.W. Peppers kiirzlich dargestellt. 

7) Vel. J.W. Mellor und H.V. Thompson, ,,A Treatise 
on Quantitative Inorganic Analysis,** 2. Aufl., 1938, 
London, S. 191, S. 736. 
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Abb. 1. Einfluss der Harzart. 


durch Differenz von Vernetzungsgrad des Harzes 
beeinflusst, von dem die Festionenkonzentration 
der Harzphase abhiangig ist. Aus Riticksicht auf 
die Unterscheidbarkeit des Farbentons der Harz- 
phase gegen Blindversuch wurde Dowex 50W-X8 
als die meist geeignete Harzprobe angewandt. 

2. Einfluss der Konzentration des Wasser- 
stoffperoxydes.—Abb. 2 stellt die Abhdngigkeit 


50 Min 


Durchschnittsintensitat 


der Farbung 








>» Scheinbare 
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—— Konzentration des Wasserstoffperoxydes 
(proz.) 

Einfluss der Wasserstoffperoxyd- 


Abb. 2. 
konzentration auf 
Farbungsintensitat. 


die scheinbare 


der scheinbaren Intensitét der Farbung, die 
die Harzphase annimmt, von der Konzentration 
hinzugefiigter Wasserstoffperoxydlosung dar. 
Bemerkenswert ist dabei, dass unter selbst so 
niedriger Konzentration an Wasserstoffperoxyd 
wie 0.01-Prozent bereits eine beinahe geniigend 
starke Gelbfarbung auf der Harzphase entsteht, 
und zwar, dass diese Farbung bis zu so hoher 


8) In bezug auf die in allen Abbildungen gegen- 
wartiger Mitteilung angewandte halbquantitative Dar- 
stellungsweise der scheinbaren Durchschnittsintensitat 
der Farbung von der Harzphase, vergleiche die dritte 
Mitteilung: M. Fujimoto, Dieses Bulletin 29, 567 (1956). 
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Konzentration an Wasserstoffperoxyd wie Dreissig- 
prozent fast unverdndert intensiv auftritt. In 
folgender Versuche wurde IlIprozentige Loésung 
des Wasserstoffperoxydes, in Betracht des Ver- 
laufes genannter Kurven, als die geeignetste Kon- 
zentration ausgewdhlt. 

3. Einfluss der Konzentration der Neutral- 
salze.—Weil die an der genannten gelben Farbung 
sich beteiligte Substanz, wie es in der obigen 
Formulierung beschrieben wird, ein Kation von 
verhdltnismassig kleinem Volumen ist, ist es 
wahrscheinlich, dass das betreffende Austausch- 
gleichgewicht mit steigender Konzentration der in 
der Aussenlésung befindlichen Kationen fiir das 
genannte gelbe Kation sich nachteilig verschiebt 
und die Farbung der Harzphase infolgedessen 
betrachtlich geschwdcht wird. 

Die Kurven von Abb. 3 stellen die Einfliisse 
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Abb. 3. Einfluss der Neutralsalzkonzen- 


tration von der Probelésung. 


der Konzentration des Natriumsulfates, das dies- 
mal als Vertreter der Neutralsalze ausgewdhlt 
wurde, auf die scheinbare Farbungsintensitat 
der Harzphase im beliebigen Zeitpunkt nach der 
Mischung dar. Wie aus dem Verlauf genannter 
Kurven zu ersehen ist, sinkt die Farbungsinten- 
sitat der Harzphase dann mit der Konzentration 
des Natriumsulfates stark ab, wenn diese hdher 
als 0.4N steigt. Dieses rasche Herabsinken der 
Gelbfarbung der Harzphase kann man _ durch 
Verditinnung der Probelésung mit destilliertem 
Wasser bis zu einem gewissen Grade vermindern. 
Die gestrichelten Kurven in der genannnten 
Abbildung stellen die Resultate dar, wo man 
anfangs die betreffende Probelésung durch Zusatz 
von funf Tropfen destilliertes Wassers verditinnt 
und danach mit drei Tropfen lprozentiger Lésung 
des Wasserstoffperoxydes versetzt. Dabei wird 
klar gezeigt, dass die Austauschselektivitat der 
sich farbenden Komplexperoxyverbindung durch 
einfache Verdiinnung der Aussenlésung betrdcht- 
lich zunimmt. 

4. Einfluss der Konzentration der Schwe- 
felsaure.—Da es wahrscheinlich ist, dass die 





Ionenaustauschharzen. 
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VI 





Schwefelsdurekonzentration von der Probelésung 
auf das betreffende Komplexgleichgewicht be- 
trichtlich einwirkt, wurde eine Reihe der Experi- 
mente mit den Probelésungen, in denen die 
Schwefelsdure von verschiedenen Konzentrationen 
enthalten waren, ausgefthrt. 

Die Resultate dieser Versuche stehen in Abb. 4. 
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Abb. 4. Einfluss der Schwefelsdure- 

konzentration von der Probelésung auf 
die Durchschnittsfarbungsintensitat. 


Hierbei ist es auch wiinschenswert, die Konzen- 
tration der Schwefelsdure niedriger als 0.3N zu 
halten. 

5. Einfluss der Saureart.—Um zu zeigen, 
welchen Einfluss die Sorte der benutzten Sdure 
auf die scheinbare Intensitat der Gelbfarbung der 
Harzphase ausibt, wurde eine Reihe von Versuchen 
mit verschiedenartigen starken Mineralsduren, 
die zu beinahe gleicher Konzentration reguliert 
wurden, durchgefiihrt. Die hierbei zur Unter- 
suchung benutzten Mineralsduren waren Salz-, 
Schwefel-, Salpeter-, Phosphor- und Perchlor- 
sduren. 

Die scheinbare Durchschnittsintensitaéat der 
Farbung der Harzphase wird nach folgender 
Reihenfolge schwacher (Abb. 5): 

HCI1O, > HCl > H.SO, > HNO; » H;PQ,. 

Vor allem beférdert dabei Perchlorsdure die 
Farbung der Harzphase. Dagegen beschadigt die 
Anwendung der Phosphorsdure auffallend die 
Empfindlichkeit der genannten Farbenreaktion. 

6. Bedingungen héchster Empfindlichkeit.— 
Aus dem obenerwdhnten zusammengefasst, so 
wurde das folgende Verfahren als das am besten 
geeignete ausgewdhlt: 

,Auf eine weisse Tupfelplatte bringt man 
nacheinander einige K6rnchen farbloses Kat- 
ionenaustauschharzes ,,lproz. DVB‘: von’ HR- 
Form, einen Tropfen der sauren Probelésung, 
deren Anionenkonzentration vorher niedriger als 
0.4N reguliert wurde, und einen Tropfen der 
0.2N Sdure, wie Schwefel-, Salz- oder Perchlor- 
sduren. Man ruhrt dieses Gemisch mit einem 
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Glasstabchen volistandig um und fiigt noch 
einen Tropfen lprozentiger Lésung des Was- 
serstoffperoxydes dazu. Etwa zehn Minuten 
nach der Mischung beobachtet man mit einer 
Lupe zwanzigfacher Vergrésserung eine in der 
Harzphase entstandene intensive Gelbfarbung*’. 


Bestimmung der Erfassungsgrenze 


Durch Anwendung des obenerwdhnten empfind- 
lichsten Verfahrens wurde die Erfassungsgrenze 
des Nachweises eindeutig bestimmt. Aus dem 
Verlaufe der in Abb. 6 beschriebenen Kurven 
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Abb. 5. Einfluss der Sdureart. 


> Scheinbare 


Experimentalbedingungen :— ; err. - r 
A: 0.105 N HCIO,° 2 8 ” 
B: 0.103 N HCl 
9.03 N H2SO;, C: 0.100N H2SO, 





> Zeit nach der Mischung (Min) 


i D: 0.107N HNO. | F Abb. 6. Bestimmung der Erfassungsgrenze. 
E: 0.112N H,PO, Ohne hinzugefuigte Sdure: 

2.57Ti 0.08 ccm, —@— Nachdem Zusatze von 1 Tropfen 
H20O2: lproz. Lsg (0.04cm) der 0.2N Perchlorsdure: 


TABELLE | 
EINFLUSSE DER BEGLEITSTOFFE 
benutzter 














Begleitstoffe Verbindungs- D capere. hae Fert " Grenzverhadltnis Bemerkungen 
typus 

ViV) NH,VO, 360 r 0.257 1:1.3% 103 a,b 
CriIIl) KCr(SO,)2 10 7 1.267 fi Mae Crs). 2proz. 
MniII) MnSO, 200 7 seat 1:1.6x 10? — 
Fe(III) Fe€l, 327 0.57 1:6.4«10 Fe=9. lproz. 
y Y ” Y 930 7 0.257 Ee a ee | "7 

Co(II) CoCl, 230 r Ye 1:1.8x10? d 

Ni(II) NiCle 200 <eoF :1.6 10? d 

Cull) CuSO, 707T 0. 2% 1; 2.810? d, Cu=0.2proz. 
Zn(II) ZnSO, 320 r 0.57 1:6.4« 102 

Crivi) K.Cr,0; er 0.257 1:1.3x10 Cr=<0. 0lproz. 
” » ” » 320 r asf 1:6.4x 10? e 
Mo(VI) (NH,)»>MoO, 135 7 0.257 1:1.8x10* 

WiV1) Na,WO, 330 7 0.57 1:6.6%102 d 

U(VI) UO.(CH:COO), 360 r 0.257 1:1.4x 10? d 
Ge(lV) GeO, 26 0: 257 L:ix it 

Sn(IV) SnCl, 300 + 0.257 1:1.2x 10° 

F- KF 16.47 HY = b, F-S<0. lproz. 
7 Y 53 T 0.57 ie Pe Pg b,f, F-S0.5 proz. 
NO, NaNO, 350 r 0.257 1:1.4x 10% — 
POs-(HPOy-) NazHPO, 850 r 0.257 1:3.4x 103 — 


a: Die Harzk6érnchen farben sich einen Moment braun, aber entfarben sich nach etwa 
finf Minuten vollkommen. 

b: 10proz. Lésung des Wasserstoffperoxydes wurde angewandt. 

c: Nach dem Zusatze von verdiinnter Phosphorsdure wurde der Nachweis durchgefihrt. 

d: Neben einem Blindversuche wurdeerst die Anwesenheit des Titans(IV) nachgewiesen. 

e: Nach der Beseitigung der Bichromationen durch eine Mikroharzsdule von Dowex 1-X8 
(RCl-Form) wurde der Nachweis ausgefiihrt.” 

f: Um die St6rung des Fluorides zu beseitigen, wurde vorher ein Tropfen verdiinnter 
salzsaurer Lésung des Berylliumchlorides zur Versuchslésung gefigt. 


9 M. Fujimoto, Dieses Bulletin, 29, 595 (1956). 
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wurde die Erfassungsgrenze 0.257 Titan(IV) 
unter Grenzkonzentration 1:1.6x10* bei gegen- 
wdrtiger Nachweisreaktion festgestellt. 


Einfliisse der Begleitstoffe 


Die Resultate der Experimente werden gesamt 
in Tabelle I kurz erladutert: 


Zusammenfassung 


1. Durch Anwendung der niedrig ver- 
netzten starksauren und farblosen Kationen- 
austauschharze steigt die Empfindlichkeit der 
Titan(IV)-Wasserstoffperoxydreaktion merk- 
lich an. 

2. Die empfindlichsten Experimental- 
bedingungen werden durch eingehende Unter- 
suchung iiber Ejinfliisse verschiedenartiger 
Faktoren, wie Harzart, Konzentration des 
Wasserstoffperoxydes, der Schwefelsdure und 


der Neutralsalze, und Sdureart, vollkommen 
festgestellt. 

3. Die Einfliisse der Begleitstoffe werden 
genau untersucht und verschiedene Mass- 
regeln gegen ihre Stoérung werden auch 
genommen (vgl. Tabelle I). 


Der Verfasser moéchte Herrn Prof. Dr. E. 
Minami fiir seine freundlichen Anregungen 
zur vorliegenden Untersuchung seinen herz- 
lichsten Dank aussprechen. 

Fiir die Harzproben, ,,lproz. DVB“ und 
»20proz. DVB,“ ist der Verfasser Herrn Prof. 
Dr. A. Kawamura an der Landwirtschaftlichen 
und Technischen Universitat zu Tokyo zu 
grossem Dank verpflichtet. 


Laboratorium der analytischen Chemie 
Chemisches Institut der wissenschaftlichen 
Fakultait, Tokvo Universitat, Tokyo 


Voltammetry of Nitrite at the Stationary and Rotated Platinum-Wire 
Electrodes 


By Nobuyuki TANAKA and Kiyoko KaTo 


(Received June 22, 1956) 


The oxidation-reduction of nitrite-nitrate 
system has been investigated from the elec- 
trochemical standpoint”. Most of these in- 
vestigations, however, were limited to the 
measurement and the discussion of equilib- 
rium potentials of the system, but gave 
little information of the mechanism of the 
electrode reaction. Recently K. Vetter” 
studied the subject from the standpoint of 
electrode kinetics and proposed a mechanism 
for the electrode processes at the platinum 
electrode. He assumed the following steps: 


H*+NO;- —— HNO, (1) 
HNO;+HNO, —— N.O,+H-,O (2) 
N,O, — 2NO, (3) 
NO,-+-e- —— NO,- (4) 
NO,-+ H* —— HNO, (5) 


and concluded that the reactions given in 
eqs. (2) and (4) must be rate-determining. 
Although his interpretation seemed fairly 


1) R. Ihle, Z. physik. Chem., 19, 577 (1896); W.C. 
Moore, J. Am. Chem. Soc., 35, 333 (1913); H. Pick, Z. 
Elektrochem. angew. physik, Chem., 26, 183 (1920); 28, 
56 (1922); A. Klemenc and E. Hayek, Z. anorg. allgem. 
Chem., 186, 181 (1930); H. Bode, ibid., 195, 201 (1931); 
R.G. Monk and H.J.T. Ellingham, J. Chem. Soc. (London), 
1935, 125. 

2) K. Vetter, Z. physik. Chem., 194, 199 (1950). 


satisfactory as far as his experimental con- 
ditions were concerned, his data were re- 
stricted only to those obtained in nitric acid 
of more than 1M in concentration. 

Since his method was quite different from 
the conventional voltammetry, the investiga- 
tion of the oxidation of nitrite at the plati- 
num electrode was carried out from the vol- 
tammetric standpoint and has been presented 
in the present paper. From the theoretical 
consideration of observed current-voltage 
curves, the assumptions proposed by Vetter 
for the oxidation-reduction of nitrite-nitrate 
system have been verified in the solution 
with and without nitrate or nitric acid. The 
method was also applied to the determination 
of a minute quantity of nitrite in potassium 
nitrate with a good result. 


Experimental 


Apparatus.—A manual polarograph® was used 
for the measurement of current-voltage curves. 
The current was measured in terms of the iR 
drop across the 10,000 ohm precision fixed re- 
sistance in series with the electrolysis cell by 
means of potentiometer, or measured directly with 


3) I, M. Kolthoff and J. J. Lingane, ‘‘ Polarography’”’, 
Interscience Publishers, New York (1952) Vol. I, p. 297. 
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a galvanometer. Potentials were referred to a 
saturated caromel electrode (S.C.E). All experi- 
ments were carried out in a thermostat of 
25.00+0.05°C. All current-voltage curves are cor- 
rected for the residual current. 

Two platinum-wire electrodes of 0.6mm. in 
diameter and approximately 5 mm. in length were 
used. One was used for the stationary electrode, 
which had 0.1033 cm? of geometrical surface area 
and gave a steady state diffusion current of 4.35 z 
amp./millimole/l. for the oxidation of potassium 
ferrocyanide in deaerated 0.1 M potassium chloride 
solution. The other, which had 0.0944cm? of 
geometrical surface area, was used for the rotated 
electrode. Being rotated at 650 r.p.m., it yielded 
diffusion currents of 9.90 # amp./millimole/l. for 
the oxidation of ferrous ion in deaerated 0.1M 
hydrochloric acid, and also 10.00 # amp./millmole/!. 
for the reduction of ferric ion in the same 
medium. 

Reagents.—A standard solution of nitrite was 
prepared by dissolving recrystallized potassium 
nitrite in distilled water free from oxygen, the 
concentration of which was determined volumet- 
rically with the standardized solutions of potas- 
sium permanganate and sodium oxalate*. 

Pretreatment of Electrode.—The electrodes 
were treated in hot 10M nitric acid for ten 
minutes and washed thoroughly with distilled 
water. Then, the electrodes were polarized at 0 
volt vs. S.C.E. in the supporting electrolyte to 
eliminate the oxide film which might have formed 
on the surface upon the treatment with nitric 
acid®?. 


Results 


With Staticnary Electrode.—Current-voltage 
curves were obtained with the stationary electrode 
in supporting electrolytes of pH between 0 and 
9 in the absence of oxygen by measuring from 
negative to positive potentials. Typical examples 
obtained with 0.960x10-*M potassium nitrite are 
given in Fig. 1. The half-wave potentials and 
the limiting currents are indicated in Table I. 
In the solutions of pH 0 to 3, the half-wave 
potentials were found to shift to more negative 
potentials by some 60 mV. with the increase of 
unit pH. At higher pH’s, they tend to be in- 
dependent of pH and approach to a limiting value. 
This fact, however, could not be clearly recog- 
nized, because the current-voltage curves were 
gradually drawn out with increasing pH of solu- 
tions. This may be attributed to the formation 
of the oxide film on the surface of platinum”, 
The potentials of the oxide film formation shift 
to negative potentials by 60 mV. with the increase 
of unit pH®, whereas those of nitrite waves re- 
main constant in solutions of higher pH. 

The oxide film formation also accounts for the 
difficulty in the measurement of limiting current. 
Even in 1M nitric acid the limiting current plateau 


4) I. M. Kolthoff and E. B. Sandell, ‘‘ Textbook of 
Quantitative Inorganic Analysis”, The MacMillan Co., 
New York (1952), p. 573. 

5) I. M. Kolthoff and Nobuyuki Tanaka, Anal, Chem., 
26, 632 (1954). 
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10-*M potassium nitrite obtained with 
the sationary electrode, being measured 
from negative to positive potentials in 
supporting electrolytes: I, 1M HNO;; 
II, 0.1m HNO;; III, 0.01mMm NHO;+ 
0.09mM KNOs;; IV, citric acid-phosphate 
buffer of pH 3; V, acetate buffer of 
1.75; VI, citric acid-phosphate buffer of 
pH 6 and VII, 0.05m borax of pH 9.23. 


TABLE I 
ANODIC LIMITING CURRENTS AND HALF- 
WAVE POTENTIALS OF  0.960«10-'M 
POTASSIUM NITRITE IN VARIOUS SUPPORT- 
ING ELECTROLYTES MEASURED WITH THE 
STATIONARY PLATINUM-WIRE ELECTRODE 


1/2 


Supporting Electrolyte pH >A. ¥, Ys. 
wee tS 

1m HNO; 0 12.80 0.892 
0.5M HNO;+0.5N H2SO, 0 13.50 0.885 


12.08 0.877 
-12.70 0.841 
-11.26 0.836 


0.1M HNO;+0.9N H2SO, 0 
1 
1 
2 14.14 0.786 
3 
4 


0.1M HNO; 
0.1N He2SO, 
0.01M HNO;+0.09M KNO; 
Citric acid-phosphate buffer 13.13 0.725 
Acetate buffer -73 —-13.0 0.719 
Citric acid-phosphate buffer 6 -12.6 0.746 


appeared at the potentials where the electrode 
surface can be oxidized. Although this difficulty 
was encountered, an almost linear relation was 
obtained between the limiting current and the 
concentration of nitrite added, as given in Fig. 2, 
which was obtained in 1M nitric acid. 

If it is assumed that the limiting current is 
controlled by the rate of diffusion of nitrite, 
is possible to calculate the number of electrons 
involved in the electrode reaction, mu, by the 
relation™®, 


6) H. A. Laitinen and I, M, Kolthoff, /. Phys. Chem., 
45, 1061 (1941). 
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Fig. 2. Relation between limiting current 
and concentration of potassium nitrite 
in 1M nitric acid measured with the 
stationary electrode. 


ig =—— aPC, (6) 


where ia represents the diffusion current, A, the 
surface area of the electrode, D, the diffusion 
coefficient, /, the effective thickness of diffusion 
layer, C, the concentration of the oxidizable or 
reducible substance and F, the Faraday constant. 
The diffusion coefficients of nitrite and ferrocy- 
anide were calculated to be 1.92x10- and 0.74x« 
10-5 cm2/sec., respectively, from the equivalent 
conductance at infinite dilution at 25°C. The dif- 
fusion current of nitrite was determined approxi- 
mately 13 4 amp./millimole/l. averaging those ob- 
tained in various conditions, while that of fer- 
rocyanide was 4.354 amp./millimole/l. in 0.1M 
potassium chloride at the same electrode. Intro- 
ducing those values into eq. (6) and assuming the 
identity of the effective thickness of diffusion layer 
for both electrode reactions», the number of 
electrons involved in the oxidation of nitrite was 
calculated to be approximately unity, from which 
electrode process of the oxidation of nitrite could 
be concluded as a one-electron reaction. 

With Rotated Electrode.—Current-voltage 
curves were also obtained with the rotated elec- 
trode in supporting electrolytes of various pH’s. 
Typical examples obtained with 0.960x10-'m 
potassium nitrite are reproduced in Fig. 3, and 
the results are tabulated in Table II. A propor- 


TABLE II 
ANODIC LIMITING CURRENTS AND HALF- 
WAVE POTENTIALS OF 0.960 10-' mM POTAS- 
SIUM NITRITE IN VARIOUS SUPPORTING 
ELECTROLYTES MEASURED WITH THE 
ROTATED PLATINUM-WIRE ELECTRODE AT 
THE RATE OF 650 R. P.M. 


PT 
Supporting Electrolyte pH ame aoe 
0.1M HNO; 1 3.35 0.860 
0.01 mM HNO; + 0.09M KNO; 2 -3.36 0.810 
Citric acid-phosphate buffer 3 -3.59 0.752 
Acetate buffer 4.75 —4 a 


tionality was found between the limiting current 
and the concentration as shown in Fig. 4. 


“a amp. 


Current, 











10 09 08 0.7 O06 0.5 
E, V. vc. & C.E. 

Fig. 3. Current-voltage curves of 0.960 x 
10-!m potassium nitrite obtained with 
the rotated platinum electrode at the 
rate of 650 r. p.m., being measured from 
negative to positive potentials in sup- 
porting electrolytes: I, 0.1M HNO;; 
II, 0.0l1m HNO;+0.09mM KNO;; III, 
citric acid-phosphate buffer of pH 3 and 
IV, acetate buffer of pH 4.75. 
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Fig. 4. Relation between limiting current 
and concentration of potassium nitrite 
in 0.1N sulfuric acid measured with 
the rotated electrode at the rate of 650 
r. p.m. 


Discussion 


The net reaction of oxidation-reduction of 
nitrite-nitrate system is represented as, 
NO,-+H.,O —— NO;-+2H*+2e-. 7) 
The value of limiting current, however, sug- 
gested that the oxidation of nitrite at the 
platinum electrode must be a one-electron 
reaction. This can not be accounted for by 
eq. (7), but agrees with the findings by 
Vetter. According to his proposal, the fol- 
lowing reaction mechanism was set down: 


HNO, —— H*++NO,-, Kuno, =4.5X 10-* (8) 
NO.,+e- —— NO,-, E,=0.650 V. vs. S.C. E. (9) 
2ise go N2V,, K.,=8.79 (10) 
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N,O,+H,0 —— H*+NO;-+HNO,, 

K,=2.82 x 10' (11) 
where Kuno, is the dissociation constant of 
nitrous acid”, K». and K, are the equilibrium 
constants of eqs. (10) and (il), respectively, 
and Ey is the standard oxidation-rediction 
potential of NO.—NO,- system. The values 
of K., K, and Ey were calculated from data 
given by Latimer”. 

In the electrode reactions represented with 
eqs. (8) to (11) the following conditions are 
considered : 

(i) Nitrous acid and nitrite are in equilib- 
rium at the surface of electrode according to 
eq. (8). 

(ii) The potentials of oxidation of nitrite 
or nitrous acid are determined by the reac- 
tion given in eq. (9). 

(iii) NO, formed by the oxidation of nitrite 
is in equilibrium with N.O, at the surface 
of electrode according to eq. (10). 

(iv) The reaction given in eq. (11) proceeds 
so slowly that the reproduction of nitrous 
acid at the surface of electrode can be 
neglected. 

The reduction potential of reaction of eq. 
(8) is expressed with, 


[NO,] 
[NO,-]’ 
where, for simplicity, the concentration is 
employed rather than activity. If the sum 
of nitrous acid (i.e., potassium nitrite added) 
is represented with S\[HNO.], the concentra- 
tion of nitrite is given by 


E=E,+0.059 log (12) 


[H+] ) 
Kunoz ! 
Introducing eq. (13) into eq. (12), the equa- 
tion, 


[NO, |=S{HNO,] /{1+ (13) 


[H*] )} [NO,] 
Kuno: ! S'{HNOs] (44) 
is obtained. As NO, is in equilibrium with 
N.O, at the surface of electrode, the follow- 
ing relations must be fulfilled when b mole/1. 
of total nitrite, S)[HNO,], is oxidized at the 
electrode surface: 

[NO.]+2[N,0,]=8, 
[N2O, Vi NO, = Kz, 


E=E,+0.059 log {1+ 


then, 


— NO,] b 
NO,p+—NO2]_ _ =Q, 1 
[ aP+ 2K, OK. (15) 
The concentration of NO, calculated from 
eq. (15) would be introduced into eq. (14). 
When either nitrate or nitric acid is contained 


in the supporting electrolyte, some amounts 
7) W.™M. Latimer, ‘* Oxidation Potentials’’, 
Hall, Inc., New York (1952), pp. 90-92. 


Prentice- 
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of NO, and N.,O, which are formed by the 
reverse reactions of eqs. (10) and (9) may 
yield a reduction wave. This was proved 
from the current-voltage curve obtained in 
1m nitric acid, which gives a cathodic cur- 
rent as shown in Fig. 1. (Curve I in Fig. 1). 

The consideration of the effect of nitric 
acid makes it possible to derive an equation 
for the composite wave of the oxidation-re- 
duction of NO.-NO,- system. If the total 
nitrite added, \'[HNO,], is written as a, the 
concentration of nitrous acid [HNO,] is given 
by 


, a Kuno, ) / 
[HNO.]=a/{1+ ge. 16 
In the electrolytic solution, HNO., NO,-, N2O, 
and NO, are considered to be in equilibrium. 
Under the present conditions the concentra- 
tion of N.O, which is in equilibrium with 
NO, is negligibly small compared with that 
of NO, so that {2[NO,]+[N,0O,]} equals ap- 
proximately 2[NO.]. When x mole/l. of the 
total nitrite added (a) decreases to form N.O, 
or NO, in equilibrium condition, the concen- 
tration of NO, is approximately equal to 2x 
mole/I., that is, 
[NO.]==2%, (17) 
and the total nitrite unchanged is equal to 
(a—x) mole/l. Introducing these quantities 


into the product of equilibrium constants K, 
and Ko, 


— [H*}[NO,-][HNO,] _[H*][NO;-l(a—x 


K, K2= ae Ss 
, [NOP (2x)241 4 Kunoz . 
CT 
then 
4+ [ENO ___(B-INOTs _ 4 
- Kd HNO2| 9 HNOz! (18 
4K Ky 1+ H+] | 4K Ky l+ [H*] f 


are obtained. 

Eq. (14) is now considered as a general 
formula of experssing the electrode potential 
of NO.-NO,- system, if the values of [HNO.] 
and [NO.] therein are corrected for x, the 
latter being calculated from eq. (18). When 
neither nitrate nor nitric acid is contained 
in the supproting electrolyte, x becomes 
practially zero. Taking 0.960x10-*m for a,. 
the values for E—E» in eq. (14) were cal- 
culated at the point where the anodic current 
reaches one-tenth of the limiting current, i.e., 
z=1/10 z,, and where the concentration of 
the total nitrite {{NO.-]+[HNO.]} at the 
surface of electrode equals 9/10(a—x) and 
that of {2{[NO,]+[N.0,]}, 1/10{(a—x)+2x}. 
These values are given in Table III. Intro- 
ducing the potentials obtained experimentally 
at the point where z=1/10 z on the anodic 
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TABLE III 
STANDARD ELECTRODE POTENTIALS OF 
0.960x10-?M POTASSIUM NITRITE’ IN 
VARIOUS SUPPORTING ELECTROLYTES CAL- 
CULATED BY EQUATION (14) 


E—E Eobs., Ep, 
Supporting Electrolyte pH ~ y ” V. vs. V. vs. 
* $.C.E. S.C.E. 
1m HNO; 0 0.154 0.839 0.685 
0.1mM HNO, 1 0.084 0.784 0.700 
0.0l1mM HNO;+0.09M 2 0.025 0.730 0.705 
KNO; 
Citric acid-phosphate 3 —0.026 0.682 0.708 
buffer 
Acetate buffer 4.75 —0.055 0.650 0.705 
Citric acid-phosphate 6 -0.056 0.663 (0.719) 
buffer 
Mean, 0.701 


part of the current-voltage curve, the values 
for Ey were calculated as given in the last 
column of Table III. A constancy in E, 
values obtained in various supporting elec- 
trolytes apparently shows the electrode proc- 
esses given in eqs. (8) to (11) correct. 

A further confirmation of the electrode 
processes was attained in the comparison of 
current-voltage curves observed and those 
calculated theoretically. The potential values, 
E, at various points on the current-voltage 


curves were calculated at pH 0 and 2 with - 


eqs. (14) and (18). For the values for Ep, 
+0.70V. vs. S.C.E. was employed. The 


Current, # amp. 





11 10 #O9 O08 O07 O06 O5 


E, V. vs. §.C.E. 

Fig. 5. Theoretical and observed current- 
voltage curves of 0.960 x 10-* m potassium 
nitrite in supporting electrolytes: I, 1M 
HNO; and II, 0.0l1M HNO; + 0.09M 
KNO 3. Solid lines indicate the theo- 
retical curves and dotted lines, the ob- 
served ones obtained with stationary 
electrode. 


limiting current of theoretical curves is as- 
sumed to equai that of the observed one. A 
fair agreement between theoretical and ob- 
served curves is clearly seen in Fig. 5. The 
deviation of the experimental curve from the 
theoretical one is rather remarkable in the 
cathodic part of the current voltage curve. 
This has not been clearly understood, but 
may be due to other slow reactions involved. 

It is predicted, from eq. (14), that at higher 
pH’s the electrode potentials become inde- 


pendent of pH, because {1+} 
HNOe 


proaches to 1 with increasing pH of the 
solution. The half-wave potentials were cal- 
culated from eq. (14) with +0.70 V. vs. S.C. E. 
for Ey, which are plotted with pH as given 
in Fig. 6. A good agreement between the 
observed and calculated curves is clearly seen. 


ap- 








a 
| 
| 








pH 
Fig. 6. Relation between the half-wave 
potential of anodic wave of 0.960 x 10-* M 
potassium nitrite and pH of the solution: 
© indicate the experimental value 
observed with the stationary electrode. 


In this calculation as well as in the cal- 
culation of the theoretical current-voltage 
curve, the value of +0.70 V. us. S.C. E. was 
employed for Ey, which deviates by some 
0.05 V. from the standard oxidation-reduction 
potential calculated with values given by 
Latimer”. The reason of deviation, however, 
has not been completely explained. The use 
of concentration instead of activity in the 
calculation could account for only a small 
part of the deviation. Some type of irre- 
versibility seems to be involved in the elec- 
trode processes of the oxidation of nitrite. 

When the electrode was rotated, the values 
of ia/C for the anodic wave increased, whereas 
the slope of the current-voltage curves re- 
mained unchanged. S. S. Lord, Jr. and L. 
B. Rogers® stated, in their paper, that, if 
the electrode reaction is activation-controlled 
in nature, the value of ig/C markedly .in- 
creases and the current-voltage curve is 
drawn out when the electrode is rotated, 


8) S. S. Lord, Jr. and L. B. Rogers, Anal. Chem., 26, 
284 (1954). 








842 SHORT COMMUNICATIONS 


while the rotation of the electrode gives only 
a small increase of 7a/C and also little in- 
fluence to the slope of the current-voltage 
curve, if the electrode reaction is kinetic in 
nature. Since this criterion, however, has 
not been verified, no discussion should be 
presented here from this standpoint. 


Analytical Application 


The experimental result, that the limiting 
currents of the anodic wave obtained with 
the rotated electrode are proportional to the 
concentration of nitrite present, was applied 
to the determination of potassium nitrite 
contained in commercial potassium nitrate 
as impurity. A current-voltage curve of 1m 
potassium nitrate was measured with the 
rotated electrode at the rate of 650r.p.m. 
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from negative to positive potentials. A small 
oxidation wave of nitrite was observed at 
+0.65 V. vs. S.C. E. to more positive poten- 
tials, the limiting current being 0.25 ~ amp. 
measured at +0.95 V. 

The measurement was also made in the 
same condition but after the addition of 
0.960 x 10->m potassium nitrite with the limit- 
ing current of 0.62 ~ amp. From the ratio 
of two values, the content of nitrite in 
potassium nitrate was calculated to be 
0.0005,% as potassium nitrate. 


The authors thank the Ministry of Educa- 
tion for the financial support to this research. 


Department of Chemistry, Faculty of 
Science, Tohoku University, Sendai 
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Extraction of Tellurium with Dithizone 
By Hisao Masucut 
(Received June 26, 1956) 


Although various metal-dithizone complexes 
have so far been studied and effectively used 
for the extraction or the colorimetric deter- 
mination of metals, dithizone complex of 
tellurium has not been reported. Recently, 
ion exchange resin study of tellurium by Y. 
Sasaki? proved that in a dilute hydrochloric 
acid solution tellurium (IV) can exist as posi- 
tively charged ion (TeO(OH)* or Te (OH);*). 
From the fact that polonium, a homologue of 
tellurium, combines with dithizone to form a 
complex, it is expected that positively charged 
tellurium, when shaken with a dithizone solu- 
tion, may form a dithizone complex, which 
is extractable from the aqueous solution into 
an organic layer. 

To confirm the presence of such a com- 
plex of tellurium, the following experiments 
were carried out by the present author. 

(I) Extraction of Tellurium.—As a tracer, 
carrier-free radioactive t2llurium (chiefly Te-129 
and Te-129m) was prepared from fission products 
with cation and anion exchange resins*>"). 

The extraction of carrier-free radioactive tellu- 
rium from hydrochloric acid solution was carried 
out with 1.8x10-3m dithizone in carbon tetra- 


chloride. Fig. 1 shows the relationship between 
the percentage of extraction and the pH of the 
aqueous solution used. The latter was adjusted 
with hydrochloric acid and ammonium hydroxide. 





Me} i “SO 





! ’ ’ 
‘BNONIN. 12 3 4 5 6 
HCl pH 
Fig. 1. Extraction of carrier-free tellu- 
rium with dithizone carbon tetrachloride 
solution. 
(), extraction with dithizone carbon 
tetrachloride solution (1.8x10-* m) 
x, extraction with carbon tetrachloride 
volume of organic phase: 2 ml; volume 
of aqueous phase: 10 ml 


Percentage of extract 


0 


78 91011 


From Fig. 1, it can be seen that tellurium is 
extracted to some extent with carbon tetrachloride 
solution of dithizone, but not with carbon tetra- 
chloride over the pH range investigated. (the per- 
centage of extraction from 3N hydrochloric acid 
exceptionally amounts to 14%.) 

Then 0.5N hydrochloric acid solutions contain- 
ing various quantities of tellurium from 10- to 
l mg. were prepared and the extraction was tried 
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with 0.6x10-?m dithizone carbon tetrachloride 
solution. The results obtained are shown in Fig. 
2. The percentage of extraction is plotted as a 
function of the quantity of tellurium used. 


_ 
i] 
f—) 


Precentage of extraction 
S 
accingcicee 
° 


f—] 


carrier-free 
Logarithm of tellurium guantities 
in microgram 

Fig. 2 Extraction of macro-scale tellurium 
with dithizone carbon tetrachloride solu- 
tion (0.6x10-*m) volume of organic 
phase: 2ml; volume of aqueous phase: 
10 ml. 


(II) Color of the Dithizone Solution Contain- 
ing. Tellurium.—The author observed that the 
green color of carbon tetrachloride solution of 
dithizone turns yellowish green in the presence of 
tellurium. Spectrophotometric measurement show- 
ed that the residual green color is probably due to 
uncomplexed dithizone. It was also observed that 


dithizone complex of tellurium has a maximum: 


absorption at 430 mz. 

(III) Volatility of the Extracted Compound. 
—K. Kimura and the present atithor2) previously 
reported that polonium dithizonate sublimes at a 
temperature around 120°C. Similar behavior was 
observed with the extracted compound of carrier- 
free tellurium. This indicates the similarity of 
the complex of tellurium to that of polonium. 


These experiments described above led the 
author to the conclusion that tellurium (IV) 
forms a complex with dithizon. The study 
of this complex is now in progress; its detail 
will be reported in a separate paper. 


The author wishes to thank Professor K. 
Kimura and Dr. N. Saito for valuable advice, 
and also Mr. Y. Sasaki for the preparation 
of the sample and helpful discussions. 


Department of Chemistry, Faculty of 
Science, The University of Tokyo, 
Tokyo 


* The author owes the preparation entirely to Mr. Y. 
Sasaki. 

1) Y. Sasaki, Japan Analyst, 4, 637 (1955). 

2) K. Kimura, and H. Mabuchi, This Bulletin, 28, 535 
(1955). 
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Magnetic Resonance of High 
(Phase Transition of P.V.A. 
Fibers) 


Nuclear 
Polymers 


By Koji Tanaka, KyOzO YAMAGATA and 
Shigeyoshi K1iTTaAKA 


(Recived march 19, 1956) 


It is known that P.V.A. has a phase 
transition of the second order between about 
60°C and 120°C, but the mechanism of the 
transition is not clear. In this connection, 
the line shape of the proton resonance in 
P.V.A. has been studied as the function of 
temperature. 

The samples used were P.V.A. fibers 
“ Mewlon” prepared by Dai Nippon Spinning 
Co. Ltd. in the following way: saponified 
vinylacetate, P.V.A., was spun through a 
solution of a mixture of zinc sulphate and 
glaubesalt. After washing with methanol, 
these fibers were sealed in an evacuated 
glass tube. 

We have used the usual apparatus, com- 
posed of an autodyne oscillator, a lock-in- 
amplifier and a recorder as shown in Fig. 1, 
and the field intensity is about 3000 gauss. 
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Fig. 1 
Some of the experimental results of the 


line shape are shown in Fig. 2. Both the 
line width and the second moment were 
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shown in Fig. 3 as the function of tempera- 
ture. The derivative curves of proton re- 
sonance at 48°, 84° and 94°C may be inter- 
preted to be composed of two parts; one is 
at the center and very narrow in width and 
the other very broad. The central component 
becomes more sharp and intense with tem- 
perature. The broad part becomes narrower 
with temperature and disappears at about 
170°C. The values of the experimental second 
moment decrease gradually with rise of tem- 
perature. The gradual narrowing of the 
width and the experimental second moment 
are attributed to the development of thermal 
motions including rotations and oscillations 
of the protons.” 

The central peaks of the curves may be 
assumed to be due to the thermal motion of 
the water molecule adsorbed by the sample. 

The results of more detailed considerations 
on the effect of crystallization on the phase 
transition and the appearance of the central 
peaks will be published later. 


The authors wish to express their appre- 
ciation to Prof. Masatami Takeda for his 
kind discussion on our works. 


Tokyo College of Science, Tokyo 
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Fig. 2 


1) Y. Yano, J. Chem. Soc. Japan, 73, 708 (1952). 


2) W. P. Slichter, J. Appl. Physics, 26, 1099 (1955)-. 











